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ABSTRACT

McCormick, Katherine. M. S., Purdue University, May 2014. Impact of
antimicrobials with or without the addition of phytase on phosphorus digestibility
and utilization in swine and broiler chickens. Major Professor: Dr. Olayiwola
Adeola.

Three studies were conducted for this thesis. In study 1, effects of
antimicrobials on nutrient digestibility and retention of 18 to 20-kg pigs was
investigated. The study used a randomized complete block design (RCBD) with
4 treatments and 6 replicate pigs in individual metabolism crates per treatment.
The four treatments consisted of, negative control (NC) devoid of antimicrobials
with 0.41% total P and 0.71% Ca, NC with 55 mg/kg carbadox (Mecadox 10,
Phibro Animal Health), 44 mg/kg tylosin (Tylan 40, Elanco Animal Health), and
11 mg/kg virginiamycin (Stafac 20, Phibro Animal Health). A 5-d total collection
period with chromic oxide used as an initiation and termination marker for feces
followed a 5-d adaptation period. Supplementation with carbadox increased (P <
0.05) energy (E) digestibility and retention relative to pigs fed the NC diet.
Overall, supplementation of an antimicrobial did not significantly influence DM, P,
and Ca utilization; however, specific antimicrobial supplementation influenced N
digestibility and E utilization.

xii
Study 2 was conducted to determine the impact of antimicrobials on
phosphorus digestibility with or without the addition of phytase in pigs. A total of
72 crossbred barrows between 18 and 20-kg BW were assigned in a RCBD in a
3 x 3 factorial arrangement of antimicrobials (none, 44 mg/kg tylosin, or 28
mg/kg virginiamycin) and phytase (0, 500, or 1500 FTU/kg) in a corn-soybean
meal diet deficient in P, 0.38% available P, 0.58% Ca. The results showed that
supplementation with tylosin decreased (P < 0.01) DE and ME; however, final
BW, DM, N, E, Ca, and P apparent digestibility and retention were not
significantly influenced regardless of antimicrobial supplementation. Increased
levels of phytase supplementation improved (P < 0.05) final BW, DM, N, E, DE,
ME, Ca and P utilization regardless of antimicrobial supplementation. Overall,
nutrient utilization was not significantly affected by antimicrobial supplementation,
but addition of phytase improved all nutrient utilization criteria.
Study 3 was conducted to determine the impact of antimicrobials on
phosphorus digestibility with or without the addition of phytase in broiler chickens.
A total of 720, 5-d post hatching, male Ross 708 broilers were assigned to 9
treatments with 10 replicates in a RCBD in a 3 x 3 factorial arrangement of
antimicrobials (none, 44 mg/kg tylosin, or 11 mg/kg virginiamycin) and phytase
(0, 500, or 1500 FTU/kg) in a corn-soybean meal diet deficient in available P.
Supplementation with antimicrobials improved (P < 0.05) gain-to-feed ratio, and
tylosin supplementation improved (P < 0.05) tibia ash percent. Increased levels
of phytase supplementation improved (P < 0.01) growth performance and tibia

xiii
ash regardless of antimicrobial supplementation. The addition of phytase linearly
improved (P < 0.01) apparent ileal digestibility (AID) and apparent retention of P
regardless of antimicrobial supplementation. Adding phytase to diets
supplemented with tylosin or virginiamycin linearly improved (P < 0.05) retention
of Ca, while phytase addition to the NC diets linearly decreased retention of Ca.
Overall, supplementation of antimicrobials did not significantly influence AID and
retention of DM, E, N, Ca, and P, however, supplementation of increased
phytase levels improved growth performance, tibia mineralization, AID and
retention of P.
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1: LITERATURE REVIEW
1.1.

Introduction

The gastrointestinal tract is one of the most important organ systems
because it is responsible for providing an avenue for nutrient digestibility and
absorption. Both poultry and swine are simple stomached omnivores that have
several differences in anatomy and absorption; however, the products of
digestion are the same. The gastrointestinal tract can be divided into five main
sections which include the head-gut, foregut, mid-gut, hindgut, and the pancreas
and biliary system (Reece 2006). Each section of the gastrointestinal tract
serves specific functions. The mid-gut is the most important section in regards to
digestion and absorption of nutrients from feedstuffs. The mid-gut is divided into
three sections which include the, duodenum, jejunum, and ileum. The jejunum is
the longest section and is where most digestion and absorption occur, while the
ileum is the last section. By the time most nutrients reach the ileum digestion and
absorption has occurred in the gastrointestinal tract (Reece 2006). Nutrients are
absorbed through passive and active transport, solvent drag, and pinocytosis
(Reece 2006).
The supplementation of antimicrobials to livestock and poultry diets plays
a vital role in the prevention of disease and reduces morbidity, along with
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improvement of growth performance parameters. Orally-fed sub-therapeutic
levels of antimicrobials have been shown to improve growth promotion, feed
utilization, reduced mortality, and improved reproductive efficiency (Cromwell
2001). Reproductive efficiency is vital from an economic standpoint; Langlois et
al. (1978) demonstrated that supplementation of antimicrobials to swine diets
during breeding improved conception and litter size. Also supplementation of
antimicrobials during farrowing and lactation decreased incidence of agalactia
and uterine infections, and improved survival and weaning weights of piglets
(Langlois et al. 1978; and Cromwell 2001). There are four methods in which
antimicrobials can improve growth performance, which include; protection of
nutrients against bacterial destruction, nutrient absorption may improve due to
thinning of the small intestine barrier, reduction of toxin production from intestinal
bacteria, and reduction of subclinical intestinal infections (Feighner and
Dashkevicz 1978; and Butaye et al. 2003). Antimicrobials in diets suppress or
inhibit microorganisms of the gastrointestinal tract of the host animal. The mode
of action and target bacteria in which antimicrobials alter gut microflora and
control disease is dependent on the specific antimicrobial (Wallace 1970).
Phosphorus utilization is a major focus in monogastric diets due to the
cost of inorganic phosphorus to supply the necessary nutrients required for the
animal and excretion of excess phosphorus into the environment. Most livestock
diets are comprised of cereal grains which store phosphorus as phytic acid.
Generally, phytic acid cannot be digested by monogastric animals due to low
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endogenous phytase production. Other minerals, such as, Ca2+, Zn2+, Mg2+,
Fe2+, Mn2+, Cu2+, Mo2+, and Co2+, also bind to phytic acid which decreases the
availability of these minerals (Nelson 1967; Nelson et al.1968; Rackis 1974;
Erdman 1979; Maga 1982; and Wodzinski and Ullah 1996). The
supplementation of phytase is able to liberate phosphorus and other minerals
from phytic acid, thus making them available to the animal. Phytase production
comes from three sources, plant, bacterial, and fungal, with fungal sources
producing the most extracellular phytase (Shieh and Ware 1968; Howson and
Davis 1983; and Wodzinski and Ullah 1996). There are two classifications of
phytase which is dependent on the location of initial dephosphorylation; the 3phytases are of microbial origin, and the 6-phytases are of plant origin (Adeola
and Cowieson 2011). The supplementation of phytase has a profound
interaction with phosphorus and other mineral digestibility and utilization, protein
and amino acid digestibility and utilization, energy, and growth performance
(Adeola and Cowieson 2011).
The concentration of other minerals and calcium-to-phosphorus ratio has
the ability to impact the digestibility and utilization of phosphorus. High dietary
levels of calcium negatively affect the efficacy of endogenous and exogenous
phytase enzymes and its ability to hydrolyze phytate P through the formation of
Ca-phytate complexes that are insoluble (Nelson 1980; Sands et al. 2003; Tamin
and Angel 2003; Tamin et al. 2004; and Plumstead et al. 2008). Experiments
have demonstrated that phytate has a high affinity to zinc and copper, thus
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reducing the availability of these minerals to the animal (Maddiah et al. 1964;
Vohra et al. 1965; Davies and Olpin 1979; and Adeola et al. 1995).
The objective of this literature review is to systematically present results of
experiments on the use of antimicrobials on growth performance and nutrient
utilization, with a focus on phosphorus of swine and broiler chickens. This review
will also cover studies on the use of phytase with or without the addition of
antimicrobials on growth performance and nutrient utilization in swine and
broilers.
1.2. Digestibility and retention
Digestibility is defined by the percentage of feedstuff intake into the
gastrointestinal tract that is absorbed by the body. Digestibility can be analyzed
at different points along the gastrointestinal tract, with the most important being
ileal and total tract digestibility. Ileal digestibility is determined by taking digesta
before it has entered the hindgut, while total tract digestibility includes absorption
from the hindgut. Digestibility can be divided into two categories; apparent and
true digestibility. True digestibility divides nutrient loss into fecal and
endogenous, while apparent only analyzes the total nutrient loss excreted in the
feces. The general formulation to calculate the percentage of apparent total tract
digestibility is: ((Intake – fecal output) / Intake) x 100. Digestibility is dependent
on several factors that include, age, sex, and species of the animal, fiber content,
exogenous supplementation of enzymes, passage rate, preparation of feedstuffs,
and anti-nutritive compounds of feed.
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Retention is defined by the percentage of absorbed nutrients that are
utilized by the body. Even though some nutrients are absorbed by the animal
they are not utilized and therefore excreted in urine. The general formulation to
calculate the percentage of retention is: ((Intake – fecal output – urine output) /
Intake) x 100.
1.2.1. Gastrointestinal tract of poultry and swine
The gastrointestinal tract of poultry and swine can be divided into five
main sections with specific functions for each section. Poultry and swine are both
simple stomached omnivores and although the products of digestion are the
same, there are several differences between the species in anatomy and nutrient
absorption. The head-gut is the most cranial portion of the gastrointestinal tract
and includes the oral cavity, throat, lips or beak, tongue and teeth (Reece 2006).
The purpose of the head-gut is to seek and ingest food. The pig uses the
olfactory system to seek out food, while poultry use eye sight. Pigs are also able
to begin some carbohydrate break down with the production of α-amylase
enzymes present in saliva (Reece 2006).
The next region is the foregut which can be divided into the esophagus
and stomach. The purpose of the foregut is food preparation for subsequent
digestion and absorption (Reece 2006). The esophagus moves food from the
mouth to the stomach and is lined with stratified squamous epithelium which
contain mucous secreting cells for protection (Reece 2006). In poultry the
esophagus has a diverticulum which stores feed with some microbiological
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activity. It is in this section that exogenous feed enzymes can begin some
digestion. The proventriculus and gizzard of poultry is similar to that of the
stomach of swine. The stomach is divided into four sections; esophageal,
cardiac, gastric, and pyloric regions, and begins the first sight of significant
digestion (Reece 2006). The cardiac region secretes enzyme free mucus to
protect the lining of walls from the gastric region. The gastric region secretes
HCl and pepsinogen which allows for the beginning of protein digestion (Reece
2006). The acidic environment caused by secretion of HCl from parietal cells
activates pepsinogen that is secreted from chief cells into pepsin. Pepsin is able
to weaken and break peptide bonds that connect the string of amino acids which
are the components of proteins (Reece 2006). The pyloric region controls the
movement of food into the mid-gut. Poultry have two anatomical parts that make
up the foregut. The proventriculus has oxynticopeptic cells that secrete both HCl
and pepsinogen which then travel into the gizzard (Reece 2006). The gizzard
combines the activities of grinding with protein degradation.
The mid-gut is the major area of digestion and absorption and can be
divided into three sections, duodenum, jejunum, and ileum. The duodenum
mixes digesta from the stomach with pancreatic secretions and bile. The
pancreas and biliary system release bicarbonate to increase the pH from an
acidic to a more neutral environment (Reece 2006). The pancreas and biliary
system also release enzymes and minerals that aid in the digestion of feed. The
digesta in the duodenum triggers the release of secretin which stimulates the
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release of bicarbonate and cholecystokinin which stimulates the release of
enzymes (Reece 2006). The jejunum makes up the majority of the
gastrointestinal tract and this is the area where most digestion and absorption
occurs. The ileum is the last section of the mid-gut and also has some digestion
and absorption properties. The mid-gut ends at the ileo-cecal junction and
digesta then enters the hindgut. The mid-gut and hindgut are lined with villi to
increase surface area to improve absorption. Villi secrete mucous and have
transport systems that allow for the absorption of nutrients (Reece 2006). There
are four methods by which nutrients are absorbed, which include passive and
active transport, solvent drag, and pinocytosis (Reece 2006).
The hindgut is comprised of the cecum, colon, and rectum or cloaca,
depending on the species. The function of the hindgut is for storage, nutrient
retrieval, microbial fermentation, and excretion of material (Reece 2006). Pigs
tend to have a short cecum and a long colon, while poultry have a short colon
and two long ceca. The hindgut is able to retain fluid and absorb some nutrients
through microbial fermentation (Reece 2006). The rectum in pigs and cloaca in
poultry is responsible for removing waste.
1.2.2. Importance of meeting requirement
Meeting the phosphorus requirement of swine and poultry is essential for
maintenance, health, and growth promotion of the animal. Phosphorus plays a
key role in structural bone support, energy currency, cell membranes, energy
metabolism, acid-base balance, biochemical pathways, and activating B-complex
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vitamins (Applegate and Angel 2008). It is essential for phosphorus
requirements to be met so that animals meet their optimum genetic potential for
growth, feed efficiency, and skeletal development (Applegate and Angel 2008).
Most phosphorus is stored in the bone as hydroxyapatite (Ca10(PO4)6(OH)2),
therefore, the requirement is greatest during development and growth of the
animal (Applegate and Angel 2008). The health status of swine and poultry can
be affected by the absorption of phosphorus. Phosphorus deficiency can lead to
decreased feed intake and growth performance, weak and deformed bones, less
energy, and hypophosphatemia. Hypophosphatemia is a metabolic syndrome
that does not allow for phosphate absorption and leads to muscle and
neurological dysfunction. Phosphorus toxicity is very rare; however, it can cause
secondary hyperparathyroidism which causes long bone fractures due to
excessive bone reabsorption. The bone reabsorption occurs because the body
is attempting to balance the calcium-to-phosphorus ratio. Another issue with
excess phosphorus intake is it can interfere with the body’s ability to use other
minerals, such as, Fe2+, Ca2+, Mg2+, and Zn2+.
1.2.3. Environmental issues
Excessive excretion of phosphorus from farm animals could have a
negative impact on the surrounding environment. Eutrophication is defined by the
process in which a body of water has high concentrations of inorganic nutrients,
such as nitrates and phosphates that promote excessive algae growth (Art 1993).
Algae die and decompose which increases the amount of organic matter, thus
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depleting the amount of dissolved oxygen in the water (Art 1993; and Boesch et
al. 2001). The reduction in dissolved oxygen causes the death of aerobic
organisms, which disrupts the ecosystem. The addition of phytase is able to
reduce the amount of inorganic phosphorus supplied to diets and the amount of
phosphorus excreted in manure, thus reducing the amount of phosphorus runoff
(Lei et al. 1993).
1.3. Effects of antimicrobials
The addition of antimicrobials to livestock and poultry diets aids in the
prevention of disease and reduces morbidity, along with improving growth
performance parameters. Antimicrobials encompass two classes, antibiotics,
which are naturally occurring substances produced by yeasts, molds, and other
microorganisms, and chemotherapeutics, which are chemically synthesized
substances (Cromwell 2001).
The supplementation of sub-therapeutic levels of antimicrobials to feed
improves growth promotion, feed utilization, reduction in mortality, and improved
reproductive efficiency (Cromwell 2001). Antimicrobial growth promotion was
observed over 50 years ago in pigs by Moore et al. (1946), Stokstad et al. (1949),
and Jukes et al. (1950), along with several other experiments. It has been
demonstrated that younger animals show a greater response to the addition of
sub-therapeutic levels of antimicrobials than older animals in relation to growth
promotion and feed efficiency (Hays 1977; Maddock 1985; and Cromwell 2001).
Along with growth promotion, the reduction of mortality and morbidity is an
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essential component of antimicrobials. Maddock (1985) demonstrated over a 22
year period that the addition of antibiotics reduced mortality in high disease and
environmental stress conditions (Cromwell 2001).
Reproductive efficiency is another area in livestock production that is vital
for economic reasons. In swine production it has been demonstrated that the
addition of antimicrobials to diets during breeding improves conception and litter
size, while incorporating antimicrobials into farrowing and lactation rations
decreases the incidence of agalactia and uterine infections, along with improved
survival and weaning weights of piglets (Langlois et al. 1978; and Cromwell
2001).
The addition of feed additives interact on the nutritional level by; 1) a
change in topographical and qualitative distribution of intestinal microflora, 2)
alteration of metabolic activity of microflora which leads to reduced waste of
energy and increased availability of amino acids for the host, 3) direct effect on
microflora, 4) there is an optimal dose range to have an effect without disrupting
the equilibrium of the microflora, and 5) each feed additive has specific
characteristics on their interaction with the microflora (Henderickx et al. 1983).
1.3.1. Mode of action
The mode by which antimicrobials improve growth performance may
include: 1) protection of nutrients against bacterial destruction; 2) nutrient
absorption may improve due to thinning of the small intestine barrier; 3)
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antimicrobials may reduce toxins produced by intestinal bacteria; and 4)
reduction of subclinical intestinal infections (Feighner and Dashkevicz 1978; and
Butaye et al. 2003). Orally-fed antimicrobials suppress or inhibit the
microorganisms that inhabit the gastrointestinal tract of the host animal. Even
though antimicrobials all have the same purpose in reducing gut microflora and
controlling disease, the mode of action and target bacteria very greatly based on
the specific antimicrobials (Wallace 1970). There are three categories for
possible modes of actions for antimicrobials, 1) metabolic effect, 2) nutrient
sparing effect, and 3) disease control effect (Wallace 1970; Hays 1978; and
Cromwell 2001).

The addition of antimicrobials may directly influence certain

metabolic processes of the host animal. Several experiments have indicated that
the addition of antimicrobials can affect water and nitrogen excretion, fatty acid
oxidation in liver mitochondria, phosphorylation and oxidation reactions, and
protein synthesis (Braude and Johnson 1953; Brody et al. 1954; Weinberg 1957;
Hash et al. 1964; Wallace 1970; and Cromwell 2001). Also, some antibiotics can
stimulate hormones which supplies amino acids and energy substrates that are
necessary for tissue growth. These substrates may become available by
improving the digestive or absorptive capacity of the host (Davison and Freeman
1983). Hormones are comprised of proteins and degradation may involve
complete metabolism of the hormone into peptides and amino acids (Goodman
2003).
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Microflora that inhabit the gastrointestinal tract can synthesize vitamins
and amino acids that are essential to the host, or can compete with the host for
vitamins, amino acids, and other nutrients (Cromwell 2001). The addition of
antimicrobials can shift the bacterial populations in favor of the host. Henderickx
et al. (1983) and Hedde (1981) showed that the addition of virginiamycin to swine
diets reduced the amount of ammonia and amine production, volatile fatty acid
(VFA) and lactic acid production. The improvement of nutrient utilization with the
addition of antimicrobials may be due to a reduction in intestinal wall thickness
and a decrease in total gut mass (Braude et al. 1955; Taylor and Harrington
1955; Yen et al. 1985; and Cromwell 2001). There is potential for greater
nutrient absorption with a thinner gut wall, which has been observed with an
increased uptake of amino acids, fatty acids, vitamins, and minerals (Coates et
al. 1952; Draper 1958; Eyssen and de Somer 1963; Young et al. 1963; March
and Biely 1967; Jayne-Williams and Fuller 1971; Davison and Freeman 1983;
Wang et al. 2005; Agudelo et al. 2007; and Stewart et al. 2010).
The most accepted method as which antimicrobials improve growth is
through controlling disease. Animals are constantly exposed to microorganisms
from the environment that can cause subclinical diseases to be present, which
can reduce growth performance of the animals (Cromwell 2001). The addition of
antimicrobials to diets is able to reduce microorganisms that cause disease, so
that animals are better equipped to perform to their maximum genetic potential
(Cromwell 2001). Animals reared in a sterile disease free environment do not
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demonstrate an increased growth response with the addition of antimicrobials,
suggesting that antimicrobials reduce hostile bacteria, which leads to an
improvement in growth performance (Speer et al. 1950; Catron et al. 1951;
Coates et al. 1951; Hill et al. 1952; Wallace 1970; and Cromwell 2001). Young
animals are more susceptible to disease due to low immunological protection, so
the addition of antimicrobials has a greater response in these young animals
compared to older animals reared in similar conditions (Braude and Johnson
1953; Wallace 1970, and Cromwell 2001).
1.3.2. Specific mode of action
The experiments conducted in this research focused on three
antimicrobials, carbadox, tylosin, and virginiamycin.
1.3.3. Carbadox
Carbadox, a quinoxaline-1, 4-dioxide compound, is a syntheticallyproduced antimicrobial that inhibits mainly gram-negative bacteria DNA synthesis
and degrades pre-existing DNA (English and Dunegan 1970; Suter et al. 1978;
and Butaye et al. 2003). Carbadox inhibits DNA synthesis and induces DNA
breakdown, which leads to cell death (Suter et al. 1978). By inhibiting DNA
synthesis, it makes the DNA strands more susceptible to nuclease activity, which
degrades the DNA strands (Suter et al. 1978). Not only does it directly attack the
DNA strands, there are also morphological changes of the DNA in which the cells
develop long filamentous forms (Suter et al. 1978). Carbadox is supplemented in
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swine diets to improve growth promotion and for the control of swine dysentery
and enteritis caused by Salmonella choleraesuis. The supplementation of
carbadox to swine diets has been demonstrated to increase average daily gain,
feed utilization, muscle growth and carcass muscle content, apparent ileal
digestibility of several essential and non-essential amino acids, nitrogen
retention, and apparent ileal and fecal digestibility of ether extract (Roof and
Mahan 1982; Stahly et al. 1994; Partanen et al. 2001; and Wang et al. 2005).
1.3.4. Tylosin
Tylosin, a macrolide, is an antibiotic that targets mainly gram-positive
bacteria. It is a 16-membered ring that is similar to carbomycin A, spiramycin,
and other 16-membered ring macrolides (Gaynor and Mankin 2003). Macrolides
bind to the large ribosomal subunit near the peptidyl transferase center, which
causes early termination of protein synthesis, thus resulting in cell death
(Vazquez 1979; Weisblum 1995; and Gaynor and Mankin 2003). Protein
synthesis can be inhibited by macrolides through four modes of actions that
include: 1) inhibiting the progression of the nascent peptide chain during early
translation, 2) peptidyl tRNA dissociation, 3) inhibiting peptide bond formation,
and 4) interference with assembly of the 50S ribosomal subunit (Gaynor and
Mankin 2003). Tylosin interacts with the 50S ribosomal subunit to inhibit peptidyl
transferase which leads to premature disassociation of peptidyl-tRNA and
releasing of an incomplete protein (Brisson-Noel et al. 1988; and Dinos et al.
2001). The release of an incomplete protein leads to cell death. Tylosin is
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supplemented to swine diets for control of swine dysentery and porcine
proliferative enteropathies. It is also used in broiler and replacement chickens to
aid in the control of chronic respiratory disease associated with Mycoplasma
gallisepticum. In both species the supplementation of tylosin improves growth
parameters.
1.3.5. Virginiamycin
Virginiamycin, a streptogramin, is an antibiotic that targets mainly grampositive bacteria. There are two components (M and S) which make up a
complex that targets the 50S ribosomal subunit (Butaye et al. 2003). The M
component inhibits the elongation of proteins by interfering with peptidyl
transferase and triggering a conformational change of the ribosome (Cocito et al.
1974; Bouanchaud 1997; and Butaye et al. 2003). The conformational change
increases the affinity to the S component which prevents the extension of peptide
chain elongation and causes the release of an incomplete protein (Chinali et al.
1988; Bouanchaud 1997; Butaye et al. 2003). Cell death will result with the
release of incomplete proteins. Virginiamycin is supplemented to swine diets to
aid in the treatment and control of swine dysentery. It is also used in broiler diets
for the prevention of necrotic enteritis caused by Clostridium perfringens. The
supplementation of virginiamycin to both species also aids in improved growth
parameters.
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1.4. Dietary factors affecting phosphorus digestibility
The manipulation of livestock diets can impact the digestibility and
utilization of nutritional factors that are necessary for growth and health of the
animals. Several dietary factors, such as, enzymes, interactions with other
minerals, changes in gut microflora from antimicrobials, and fiber, can affect the
digestibility and utilization of phosphorus.
1.4.1. Impact of phytate
Most livestock diets are composed of cereal grains, which store
phosphorus as phytic acid, myoinositol 1,2,3,4,5,6-hexayl dihydrogen phosphate
(Wodzinski and Ullah 1996). The binding of minerals, such as, Ca2+, Zn2+, Mg2+,
Fe2+, Mn2+, Cu2+, Mo2+, and Co2+ to phytic acid forms an unreactive salt, known
as phytin (Nelson 1967; Nelson et al. 1968; Rackis 1974; Erdman 1979; Maga
1982; and Wodzinski and Ullah 1996). The binding of these minerals to phytic
acid makes them unavailable to the animal since monogastric animals are unable
to adequately digest phytic acid phosphorus due to low production of
endogenous phytase, an enzyme that can liberate phosphorus and other
minerals from phytin (Nelson et al. 1968).
1.4.2. Phytase
Phytase can be produced from three different sources, which include
plant, bacterial, and fungal sources (Wodzinski and Ullah 1996). Phytase can be
classified into two types based on the site on the phytic acid molecule of initial

17
dephosphorylation into orthophosphate and inositol phosphates (Adeola and
Cowieson 2011). The 3-phytases are of microbial origin and hydrolyze
beginning at the C-3 of the inositol ring, while 6-phytases are of plant origin and
hydrolyze at the C-6 of the inositol ring (Adeola and Cowieson 2011). It has
been shown that germinating plants produce phytase and some plants, such as
rye, triticale, wheat, and barley are rich in phytase production (Reddy et al. 1982;
Gibson and Ullah 1990; Eeckhout and De Paepe 1994; and Wodzinski and Ullah
1996). Phytic acid cannot be completely dephosphorylated by a single enzyme,
thus requiring phytase and nonspecific phosphatases to perform the process
(Maenz 2001). It has been estimated that a typical commercial diet would need
to include 40% of rich phytase plant sources to hydrolyze all of the phytin
(Wodzinski and Ullah 1996). Aerobacter aerogenes, Bacillius subtilis, Bacillus
subtilis N-77, Escherichia coli, Klebsiella aerogenes, and Pseudomonas sp.
produce phytase, however, the pH optimum and yields do not make them an
ideal candidate to use as feed additives (Greaves et al. 1967; Irving and
Cosgrove 1971; Powar and Jagannathan 1982; Shimizu 1992; Greiner et al.
1993; Tambe et al. 1994; and Wodzinski and Ullah 1996). Fungal sources
produce the most extracellular phytase with Aspergillus niger NRRL 3135 being
the most productive (Shieh and Ware 1968; Howson and Davis 1983; and
Wodzinski and Ullah 1996). Aspergillus niger NRRL 3135 produce two different
phytases with different pH optima of 2.5 and 5.5, which is essential when passing
through the gastrointestinal tract, which has different pH levels based on
endogenous enzyme production.
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Supplementation with phytase to non-ruminant diets has been shown to
have a profound effect on P and other minerals, protein and amino acids, and
energy digestibility and utilization. Also, phytase supplementation can positively
influence growth performance. Phytase supplementation to diets can improve
digestible P absorption up to 0.17 percentage units, however, this is dependent
on phytate concentration in diets, phytate source, age and species of animal,
mineral and vitamin D concentration of the diet, level and source of phytase
(Adeola and Cowieson 2011). Since phytic acid is generally in the form of the
unreactive salt, phytin, the supplementation of phytase is able to liberate these
bound minerals making them available to the animal for absorption. Phytate also
interacts with protein by altering the thermodynamics of water, which causes
protein-protein aggregation, thus reducing the solubility of protein (Adeola and
Cowieson 2011). The reduction of protein solubility does not allow for protein
digestion and absorption, thus limiting dietary protein available to the animal.
The decrease in protein solubility due to phytate leads to issues regarding Na+,
Ca2+, amino acid, and energy digestion due to increased secretion of HCl, mucin,
pepsin, bile, and NaHCO3 which increases energy, specific amino acid, and Na+
flow into the lumen of the gastrointestinal tract, thus interfering with active
transport (Cowieson et al. 2004; Cowieson and Ravindran 2007; Liu et al. 2008;
and Adeola and Cowieson 2011). The addition of phytase to diets can have
effects on minerals, such as, Na+, and Ca2+. Ravindran et al., (2006)
demonstrated that the addition of phytase to corn-based broiler diets improved
ileal Na digestibility coefficients and increased dietary electrolyte balance. Since
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phytate binds Ca, it can have anti-nutritive effects, thus the addition of phytase
liberates Ca and improves nutrient utilization.
The supplementation of phytase in general is able to improve energy
utilization; however, the effect may be dependent on the nature of the phytate in
the diet, divalent cation concentration, ingredients used, and other interactive
factors (Leske and Coon 1999; and Adeola and Cowieson 2011). Overall, the
supplementation of phytase is able to improve parameters that allow for an
increase in growth performance.
1.4.3. Mineral interactions
It is well known that the concentration of several other minerals can impact
the digestibility and utilization of phosphorus. The most significant interaction is
between calcium and phosphorus. Both of these minerals play an important role
in bone tissue synthesis (Crenshaw 2001). The ratio between total calcium and
total phosphorus should not exceed 2:1 and typically the recommended ratio for
swine diets is between 1:1 and 1.25:1 (Crenshaw 2001). The recommended
total calcium to non-phytate phosphorus ratio for growing broilers is 2.2:1 (NRC
1994). Deficiencies or an improper ratio of either phosphorus or calcium can
hinder bone growth and potentially lead to increased incidences of leg
abnormalities (Xie et al. 2009; and Li et al. 2012). High dietary concentration
levels of calcium decrease the efficacy of endogenous and exogenous phytase
enzymes on the hydrolysis of phytate P by the formation of insoluble Ca-phytate
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complexes (Nelson 1980; Sands et al. 2003; Tamin and Angel 2003; Tamin et al.
2004; and Plumstead et al. 2008).
The interaction of phosphorus with other minerals is also important to
maintain growth and health status of the animal. It has been reported that
phytate has a high affinity to bind copper and zinc, thus making these minerals
unavailable to the animal (Maddaih et al. 1964; Vohra et al. 1965; Davies and
Olpin 1979; and Adeola et al. 1995). Zinc is distributed in many tissues
throughout the body and is involved in cell division and growth, wound healing,
and shell/bone formation. Copper is a micro mineral that is required for iron
metabolism enzymes, red blood cell formation, collagen formation, and melanin
production. O’Dell and Savage (1960) demonstrated that the phytic acid present
in soybean meal not only made phosphorus unavailable to chicks, but, also due
to the high affinity for zinc it could significantly bind zinc enough to decrease
growth rates. Iron is another important micro mineral due to the role it plays in
hemoglobin and myoglobin synthesis and the involvement in oxygen transport to
tissues and cells. The presence of phytate reduces absorption because of iron
binding to form a Fe:phytate complex, rendering the iron unavailable to the
animal.
1.4.4 Antimicrobial interactions
The supplementation of antimicrobials to diets directly influences the
microflora present in the gastrointestinal tract. Antimicrobials have the potential
to reduce microflora within the gastrointestinal tract that compete with the host for
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nutrients. Several experiments have demonstrated that some organisms present
with the addition of antimicrobials are known to synthesize essential nutrients;
therefore in situations of deficiency an additive potentially could improve growth
performance by stimulating microbial synthesis of essential nutrients (Anderson
et al. 1952; and Wallace 1970). Agudelo et al. (2007) observed a numerically
positive increase in the number of phytate-utilizing bacteria with the
supplementation of virginiamycin in a control and phosphorus deficient diet.
Some antimicrobials are able to decrease the rate of passage of feedstuff
through the gastrointestinal tract, thus allowing for increased time for nutrient
absorption (Ravindran et al.1984). The supplementation of virginiamycin to high
fiber diets improved DM, energy, NDF, ADF, HC, cellulose, P, Ca, Mg, Cu, Fe,
Zn, and Mn digestibility in high fiber diets (Ravindran et al.1984).
1.5. Summary
In summary, this literature review includes an outline of the expected
antimicrobial and phytase responses of phosphorus and other nutrient
digestibility and utilization in swine and poultry. The expected growth
performance responses to the addition of antimicrobials and phytase were also
reviewed.
1.6. Objectives
Three studies were conducted and are reported in this thesis. The
objectives of study 1 were to evaluate 3 antimicrobials, carbadox, tylosin, or
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virginiamycin on the impact of E and P digestibility in 18 to 20 kg pigs fed a cornsoybean meal diet deficient in available phosphorus. In study 2, the objectives
were to evaluate the impact of 2 antimicrobials; tylosin or virginiamycin, with the
addition of phytase at graded levels 0, 500, or 1500 FTU/kg on the impact of P
digestibility in 18 to 20 kg pigs fed a corn-soybean meal diet deficient in available
P. In study 3, the objectives were to evaluate 2 antimicrobials; tylosin or
virginiamycin, with the addition of phytase at graded levels, 0, 500, or 1500
FTU/kg on the impact of P digestibility in male broilers from d 5 to 23 post hatch
fed a corn-soybean meal diet deficient in available P.
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CHAPTER 2: IMPACT OF ANTIMICROBIALS ON ENERGY AND
PHOSPHORUS UTILIZATION IN PIGS
2.1. Abstract
Antimicrobials are used in the agricultural industry to prevent diseases,
reduce mortality, improve feed efficiency, and promote growth. The role that
antimicrobials play in improving nutrient digestibility and retention should be
considered as a potential contributing factor for the growth-promoting benefits.
Phosphorus digestibility is an important area to study in swine nutrition to ensure
growth efficiency, minimize diet costs, and reduce environmental issues
regarding P excretion. The objective of this study was to evaluate the impact of 3
antimicrobials, carbadox, tylosin, or virginiamycin on energy (E) and P utilization
in healthy 18 to 20-kg pigs fed a corn-soybean meal diet deficient in available P.
Twenty-four barrows allotted by initial BW (17.50 ± 0.48 kg), housed individually
in metabolism crates, were assigned in a randomized complete block design to 4
P-deficient diets that included: 1) negative control (NC) corn-soybean meal basal
diet (0.71% Ca and 0.41% total P), 2) NC basal diet supplemented with 55 mg/kg
carbadox, 3) NC basal diet supplemented with 44 mg/kg tylosin, and 4) NC basal
diet supplemented with 11 mg/kg virginiamycin. A 5-d adaptation preceded a 5-d
total collection period with chromic oxide fed as an initiation and termination
marker for feces. Supplementation of carbadox increased E digestibility (P =
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0.02, 86.48 to 88.15%) and retention (P = 0.03, 83.37 to 84.93%) relative to pigs
fed the NC diet. Tylosin supplementation reduced N retention (P = 0.03)
compared to the NC diet from 63.34% to 56.27%. Overall, the results
demonstrated that the supplementation of an antimicrobial did not affect DM, P,
and Ca utilization, or N digestibility, however, specific antimicrobials influenced E
utilization and N retention.
Keywords: Antimicrobials, digestibility, phosphorus, pigs
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2.2. Introduction
The addition of antimicrobials to diets was originally intended to prevent
disease and reduce morbidity in a production environment; however studies have
demonstrated that the addition of antimicrobials improve feed efficiency and
promote growth (Cromwell 2001). The role that antimicrobials may play in
improving nutrient utilization should be considered as a potential contributing
factor for general growth-promoting benefits of antimicrobials. The mechanism
behind the growth improvement for most orally-administered antimicrobials
involves the interaction between the antimicrobial and gut microflora (Dibner and
Richards 2005). Antimicrobials directly affect the microflora in the
gastrointestinal tract by decreasing the competition for nutrients and reducing
microbial metabolites such as ammonia and amine production that have the
potential to decrease growth (Visek, 1978; Hedde 1981; Henderickx et al. 1981;
Anderson et al. 1999; and Dibner and Richards 2005). Phosphorus along with
Ca are important minerals involved in bone formation, bone strength, and other
metabolic processes. Therefore, P digestibility is an important area of study in
swine nutrition to ensure efficient growth, reduce diet costs, and minimize
environmental impacts of P excretion (Lindemann et al. 2010). Several
experiments have been conducted to evaluate the impact of antimicrobials on P
digestibility, for example, researchers have shown that virginiamycin improves P
digestibility and utilization and, apparent ileal digestibility of AA (Agudelo et al.
2007; and Stewart et al. 2010). The addition of virginiamycin to pigs fed a P
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deficient corn-soybean meal diet resulted in increased DM and energy (E)
digestibility, along with a significant increase in P digestibility (Agudelo et al.
2007). Wang et al. (2005) showed that cyadox, a derivative of quinoxaline-1,4dioxide, which is similar to carbadox, increased ADG, feed conversion efficiency,
and P digestibility. Tylosin is a common antimicrobial that is included in swine
diets, however Lindemann et al. (2010) showed that the addition of tylosin to a
corn-soybean meal diet deficient in P did not improve apparent digestibility of
DM, E, N, Ca, or P in pigs. All three of the aforementioned antimicrobials are
used to treat and control swine dysentery; however the mechanism and bacteria
targeted are specific to each antimicrobial. Carbadox is a bactericidal agent that
targets gram negative bacteria, whereas, tylosin and virginiamycin are
bacteriostatic and target gram positive bacteria (Butaye et al., 2003). The
objective of this experiment was to evaluate the impact of 3 antimicrobials,
carbadox, tylosin, or virginiamycin on E and P digestibility in healthy 18 to 20 kg
pigs fed a corn-soybean meal diet deficient in available phosphorus.
2.3. Materials and Methods
The protocol for this experiment was approved by the Purdue University
Animal Care and Use Committee.
2.3.1. Animals and Housing
A total of twenty-four crossbred barrows with an initial BW of 17.50 ± 0.41
kg were housed individually in stainless steel metabolism crates (0.83 x 0.71 m)
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that allowed for separate collection of feces and urine. Pigs were weighed and
allocated to six blocks by BW, and randomly assigned to a treatment within
block.
2.3.2. Diets, Experimental design, and Sample collection
Treatments consisted of a basal corn-soybean meal diet deficient in
available P (Table 2-1) that met or exceeded NRC recommendations (2012)
except for phosphorus. Antimicrobial premixes were prepared and consisted of
55mg/kg of carbadox (Mecadox 10, Phibro Animal Health), 44 mg/kg of tylosin
(Tylan 40, Elanco Animal Health), or 11 mg/kg of virginiamycin (Stafac 20, Phibro
Animal Health) added to the basal diet (Table 2-1).
2.3.3. Adaptation and Collection Period
Pigs were placed in metabolism crates, allowed a 5-d adaptation period
and given a total daily feed allowance of 4.0% total BW twice daily at 0900 and
1500 h. A 5-d total collection period followed the adaptation period with chromic
oxide used as an initiation and termination marker in the feces. During the 5-d
collection period, the total amount of feces was collected daily and stored at 0⁰C
until the end of the collection period. Urine volume was measured and recorded
daily and a 30% subsample was taken and stored at 0⁰C until further processing.
Ten milliliters of 30% formaldehyde was added to the urine collection buckets
daily to prevent bacteria growth and nitrogen volatilization. The collection of
urine began at the feeding of the initiation marker and ended at the feeding of the
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termination marker. Leftover feed and waste was collected daily to accurately
determine feed intake.
2.3.4. Chemical Analyses
At the conclusion of the experiment, feces, urine, and orts were weighed
and dried in a forced-draft oven at 55⁰C. Urine was thawed and then filtered
before drying. Dried diets and feces were ground using a grinding mill (Retsch
ZM 100, Retsch GmbH and Co., K.G., Haan, Germany) and then sub-sampled
for analysis. Dry matter of diets and feces was determined by drying samples at
105⁰C for 24 h. Diets, feces, and urine were prepared by a nitric-perchloric acid
wet ash before determination of Ca and P (AOAC International, 2006). Calcium
concentration of digested samples was analyzed using the flame atomic
absorption spectroscopy method and the Varian. Spectr. AA 220FS (Varian
Australia Pty Ltd., Victoria, Australia). Phosphorus concentration was
determined using a colorimetric assay with the addition of acid molybdate and
Fiske’s subbarow reducer solution added to the wet-ash samples. Color intensity
was proportional to P concentration estimated by spectrophotometry (method
946.06, AOAC International, 2000) and absorbance read at 630 nm using a
Dynex plate reader (Dynex Technologies Inc., Chantilly, VA). Nitrogen
determination used the combustion method (model FP2000, 990.03) using EDTA
as an internal standard and gross energy used adiabatic bomb calorimetry
(model 1261, Parr Instrument Co., Moline, IL) using benzoic acid as an internal
standard.
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2.3.5. Calculations and Statistical analysis
Apparent total tract digestibility and retention of nutrients was determined
through the equations:
Digestibility, % = ((intake- fecal output)/intake)*100
Retention, %= ((intake – fecal output- urine output)/intake)*100.
Data were analyzed as a randomized complete block design using the MIXED
procedure of SAS (SAS Institute, Inc. 2006). Single degree of freedom contrasts
were used to compare effects of each antimicrobial to the negative control diet.
Animal was the experimental unit and an α level of 0.05 was used for
determination of significance among means while, an α level between 0.05 and
0.10 was considered a trend. Model assumptions of normality were validated
using the Shapiro- Wilkes test (Proc univariate) and the assumption of equal
variance was validated using the Brown and Forsythe’s test (Proc GLM).
2.4. Results
Analyzed composition of diets is presented in Table 2-2. Pigs were
healthy and free of any clinical signs of disease at the start of the experiment.
The analyzed inclusion level of carbadox was 48.9 mg/kg, tylosin was 38.1
mg/kg, and virginiamycin was 10.2 mg/kg (Table 2-2). The initial BW (P = 0.98)
of pigs across treatments was 17.50 ± 0.48 kg and final BW (18.43, 18.73,
18.025, and 17.82 ± 0.69 kg, respectively) at the end of the experiment diets BW
was not significantly influenced (P = 0.25). .
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Apparent total tract digestibility and retention of DM, E and N is presented
in Table 2-3. The addition of antimicrobials did not significantly impact DM
digestibility and retention. Supplementation of carbadox increased E digestibility
(P < 0.05) relative to the NC diet from 86.48 to 88.15%, and improved E retention
(P < 0.05) relative to the NC diet from 83.37 to 84.93%. Supplementation with
virginiamycin had a tendency (P = 0.10) to improve E retention relative to the NC
diet from 83.37 to 84.50%. Addition of tylosin to the NC significantly decreased
(P < 0.05) N retention from 64.88 to 56.27%. Supplementation of carbadox and
virginiamycin increased DE (P < 0.01) relative to the NC diet (4009, 3979, and
3904 kcal/kg, respectively) and ME (P < 0.05) increased relative to the NC (3862,
3850, and 3764 kcal/kg, respectively). Supplementation of carbadox and
virginiamycin increased ME when corrected for N (P < 0.01) relative to the NC
(3681, 3661, and 3576 kcal/kg, respectively).
Apparent total tract digestibility and retention of Ca and P are presented in
Table 2-4. The addition of antimicrobials relative to the NC diet did not influence
Ca digestibility (49.11, 55.18, 50.30, and 44.61%) and Ca retention (39.71,
46.98, 40.91, and 36.25%). Supplementation of antimicrobials relative to the NC
diet did not influence P digestibility (35.08, 33.97, 31.50, and 38.34%) and P
retention (34.80, 33.65, 31.11, and 37.98%).
2.5. Discussion
Addition of antimicrobials to diets should result in a change or shift of
bacterial populations. The microflora of the gastrointestinal tract influences
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immunological, physiological, nutritional and protective processes within the
gastrointestinal tract (Dibner and Richards 2005). Generally, commensal
bacteria benefit the host, however, they compete for nutrients, secrete toxic
compounds, and induce an immune and inflammatory response in the
gastrointestinal tract (Dibner and Richards 2005). The benefits of normal
microflora to the host include competitive exclusion of pathogenic and
nonindigenous microbes; stimulation of the development of the host’s intestinal
defenses, and availability of nutrients to the host from microflora secreted
nutrients, such as short-chain fatty acids, AA, and vitamins B and K (Gaskins
2001; Kelly and King 2001; and Dibner and Richards 2005). Since carbadox is a
strong chemotherapeutic antimicrobial compared to tylosin and virginiamycin,
there is a greater potential to decrease the microflora within the gastrointestinal
tract, which was seen in the current experiment by the increase in energy
utilization when compared to the NC devoid of antimicrobials. Vervaeke et al.
(1979) demonstrated that as much as 6% of net energy in pig diets is lost to
microflora, thus the reduction of the microflora population allows for the greater
potential of nutrient utilization by the host. Gram-negative bacteria have a lipid
membrane that consists of lipopolysaccharides which are very toxic to the host
and can result in an immune and inflammatory response that uses energy and
nutrients (Bhunia 2008). Carbadox is able to reduce the gram-negative
microflora, thus potentially allowing for an increase in energy utilization. Another
indication of the reduced microbial population is the effect on N utilization
because bacteria compete with the host for uptake of amino acids, which in turn
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decreases N utilization of the host (Furuse and Yokota 1985). In the current
experiment, the addition of carbadox did not affect N utilization when compared
to the NC diet. Carbadox, a quinoxaline, is a chemotherapeutic that acts mainly
by inhibiting DNA synthesis of gram negative bacteria (English and Dunegan
1970; Suter et al. 1978; and Butaye et al. 2003). Quinolones inhibit DNA
synthesis by interacting with two related but distinct targets within bacteria that
include DNA gyrase and topoisomerase IV (Hooper 2001).
Tylosin is an antimicrobial that targets mainly gram positive bacteria.
Gram positive bacteria have a thick cell wall or peptidoglycan structure, this
membrane protects them from mechanical damage or lysis (Bhunia 2008).
Since, it is difficult to destroy these bacteria there was not an influence on E and
mineral utilization in this experiment. Tylosin, a macrolide, targets the
dissociation of peptidyl-tRNA from the ribosome during translocation (BrissonNoel et al. 1988). Peptidyl-transferase is an enzyme located in the center of the
large 50S subunit of the ribosome that is involved in peptide-bond formation
(Moore and Steitz 2003). The binding of tylosin to the 50S ribosome subunit is
reversible (Champney and Tober 2000). Peptide bonds link AA together to form
whole proteins. By disrupting the formation of peptide bonds, tylosin inhibits
protein formation, which is necessary for biological function of cells, thus leading
to cell death. The addition of tylosin negatively impacted N utilization, decreased
N retention from 63.34 for the NC diet to 56.27%, which could be caused by the
microbial competition with the host for the uptake of amino acids and tylosin
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negatively affecting the host’s metabolic processes (Vervaeke et al., 1979).
Microflora need AA for protein synthesis and competes with the host for uptake
of dietary AA (Salter and Coates 1974). The competition for AA and the potential
of tylosin negatively affecting the host’s metabolic processes causes a decrease
in N retention when compared to the NC diet.
The addition of virginiamycin tended to improve E utilization; however, no
influence was observed on mineral utilization. Virginiamycin, a streptogramin,
targets mainly gram positive bacteria. Streptogramins are comprised of two
components (M and S) that act by binding irreversibly to the bacterial 23S rRNA
of the 50S large ribosomal subunit which causes a conformational change of the
ribosome, inhibiting protein synthesis (Butaye et al. 2003; and Page 2003). The
two components work synergistically to cause a bacteriostatic response. The M
component inhibits protein elongation causing a conformation change that
increases the affinity of the ribosome for the S component (Bouanchaund 1997).
The conformational change along with the S component causes an incomplete
protein to be released from the ribosome. Because orally-administered
virginiamycin is not absorbed through the gastrointestinal tract of the animal, the
changes in nutrient utilization must be caused by changes in the microflora.
There has been significant research on the changes of gut microflora with
the addition of antimicrobials. Phytic acid is the main form of stored P in plants;
however, it is not readily available to monogastric animals because of their
inability to produce sufficient phytase to breakdown and release P from phytic
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acid. Bacteria have specific functions and will utilize different nutrients for
survival such as phytate, carbon compounds, ammonia, and other nutrient
utilizing bacteria. Agudelo et al. (2007) observed that long term feeding of
virginiamycin demonstrated a positive increase in the number of phytate-utilizing
bacteria in a P-deficient diet in pigs. However, Lindemann et al. (2010) observed
that the addition of tylosin resulted in a decrease of phytate utilizing organisms.
Currently, there is little research on the effect of carbadox supplementation in
regards to changes in intestinal microflora.
In conclusion, the addition of antimicrobials had no effect on DM, Ca, and
P utilization; however, the addition of carbadox increased E utilization while
virginiamycin increased E retention. Overall, supplementation of certain
antimicrobials can improve E digestibility and retention, thus there is potential for
improved growth performance. Also supplementation of antimicrobials that
improve E digestibility and retention may allow for a decrease in E feedstuffs
supplemented to diets.
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Table 2-1: Ingredients and calculated nutrients, energy of experimental diets
Diet Ingredient g/kg

Corn
Soybean Meal
Soy Oil
Salt
Limestone (38%)
Monocalcium phosphate1
HCl Lysine
D&L Methionine
L Threonine
Selenium Premix2
Vitamin Premix3
Mineral Premix4
Carbadox Premix5
Tylosin Premix5
Virginiamycin Premix5
TOTAL

1

2
3
4
NC+
NC+
NC+
NC
carbadox
tylosin virginiamycin
643.7
623.7
623.7
623.7
300.0
300.0
300.0
300.0
25.0
25.0
25.0
25.0
3.3
3.3
3.3
3.3
16.0
16.0
16.0
16.0
1.5
1.5
1.5
1.5
4.5
4.5
4.5
4.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
0.5
0.5
0.5
0.5
1.5
1.5
1.5
1.5
1.0
1.0
1.0
1.0
0.0
20.0
0.0
0.0
0.0
0.0
20.0
0.0
0.0
0.0
0.0
20.0
1000.0
1000.0
1000.0
1000.0
Calculated nutrient & energy composition
202.7
202.7
202.7
202.7
3387.9
3387.7
3387.9
3387.9
7.1
7.1
7.1
7.1
4.1
4.1
4.1
4.1
1.9
1.9
1.9
1.9
1.7
1.7
1.7
1.7
3.8
3.8
3.8
3.8

Protein g/kg
ME kcal/kg
Ca g/kg
Total P g/kg
STTD of P g/kg6
Ca:P
Ca:STTD
1
16% Ca, 21% P
2
Selenium Premix supplied 300 µg of Se per kilogram of diet.
3
Vitamin Premix supplied per kilogram of diet: Vitamin A, 3,630 IU; vitamin D3, 363 IU; vitamin E,
36.4 IU; menadione, 1.3 mg, vitamin B12, 23.1 µg; riboflavin, 5.28 mg; D-pantothenic acid, 13.1
mg; niacin, 19.8 mg.
4
Mineral Premix supplied per kilogram of diet: Cu (as copper chloride), 11.3 mg; I (as
ethylenediamine dihydroiodide), 0.46 mg; Fe (as iron carbonate), 121 mg; Mn (as manganese
oxide). 15 mg; and Zn (as zinc oxide), 121 mg.
5
Carbadox administered in a premix at a concentration of 55 mg/kg of active drug (Mecadox 10,
Phibro Animal Health). Tylosin is administered in a premix at a concentration of 44 mg/kg of
active drug. (Tylan 40, Elanco Animal Health). Virginiamycin is administered in a premix at a
concentration of 11 mg/kg of active drug (Stafac 20, Phibro Animal Health). Corn used as a
carrier in all premixes.
6
STTD = standardized total tract digestibility
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Table 2-2: Analyzed composition of experimental diets (as fed basis)
Gross
DM
Energy
N
Ca
P
Carbadox
Diet
g/kg
kcal/kg
g/kg
g/kg g/kg
mg/kg
1
2
3
4

874
881
883
881

3,972
4,001
3,993
4,010

3.51
3.32
3.33
3.43

10.0
11.3
10.4
10.3

3.7
3.7
3.8
3.8

Tylosin
mg/kg

Virginiamycin
mg/kg

0.0

0.0

0.0

48.9

0.0

0.0

0.0
0.0

38.1
0.0

0.0
10.2

Table 2-3: Body weights and apparent total tract digestibility and retention of DM, N, and E1,2
Treatment
1

2

3

4

NC

NC+

NC+

NC+

Item

carbadox

tylosin

virginiamycin

P-value4
Pooled
3

SEM

Main

1 vs 2

1 vs 3

1 vs 4

Effect

Initial weight, kg

17.63

17.67

17.52

17.67

0.48

0.98

-

-

-

Final weight, kg

18.43

18.73

18.05

17.82

0.69

0.25

-

-

-

DM digestibility, %

87.13

88.46

87.00

87.74

0.51

0.17

-

-

-

DM retention, %

81.81

82.89

80.72

82.74

0.63

0.05

ns

ns

ns

Nitrogen digestibility, %

87.35

88.62

85.97

87.53

0.80

0.12

-

-

-

Nitrogen retention, %

63.34

64.24

56.27

64.88

2.22

0.04

ns

0.03

ns

Energy digestibility, %

86.48

88.15

86.55

87.33

0.51

0.07

0.02

ns

ns

Energy retention, %

83.37

84.93

82.98

84.50

0.53

0.03

0.03

ns

0.10

N-corrected energy retention, %

79.21

80.95

79.48

80.37

0.46

0.03

<0.01

ns

0.06

DE kcal/kg

3904

4008

3928

3978

23.27

0.01

<0.01

ns

0.02

ME kcal/kg

3764

3862

3766

3849

23.98

<0.01

<0.01

ns

0.01

N-corrected ME kcal/kg

3576

3681

3607

3661

20.90

<0.01

<0.01

ns

<0.01

Number of observations

6

6

6

6

DM = Dry Matter N= Nitrogen E= Energy
1
Pigs were fed for a 5-d adjustment period, followed by a 5-d adaptation period.
2
Total tract digestibility = ((intake – fecal output)/ intake) x 100.
Total tract retention = ((intake – fecal output – urine output)/ intake) x 100.
3
Pooled SEM = Standard error of the mean.
4
Level of significance according to main effect of treatment and single-degree-of-freedom contrasts
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Table 2-4: Apparent total tract digestibility and retention of Ca and P1,2
Treatment
P-value4

1

2

3

4

NC

NC+

NC+

NC+

Item

carbadox

Tylosin

virginiamycin

Calcium Digestibility, %

49.11

55.18

50.30

44.61

Calcium Retention, %

39.71

46.98

40.91

Phosphorus Digestibility, %5

35.08

33.97

31.50

34.80

33.65

31.11

5

Phosphorus Retention, %
Number of observations

6

6

6

Pooled
3

SEM

Main

1 vs 2

1 vs 3

1 vs 4

Effect

5.04

0.51

0.39

0.86

0.52

36.25

5.37

0.44

0.28

0.86

0.60

38.34

14.92

0.19

0.51

0.24

0.34

37.98

14.73

0.19

0.51

0.23

0.35

6

Ca= Calcium P= Phosphorus
1
Pigs were fed a 5 d adjustment period, followed by a 5 d adaptation period.
2
Total tract digestibility = ((Intake – Fecal Output)/ Intake) x 100.
Total tract retention = ((Intake – Fecal Output – Urine Output)/ Intake) x 100.
3
Pooled SEM = Standard error of the mean.
4
Level of significance according to main effect of treatment and single-degree-of-freedom contrasts
5
P-value is from transformed data
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CHAPTER 3: IMPACT OF ANTIMICROBIALS ON PHOSPHORUS UTILIZATION
WITH OR WITHOUT THE ADDITION OF PHYTASE IN PIGS
3.1. Abstract
Antimicrobial supplementation to swine diets aids in disease prevention
and reduced morbidity, along with improved growth. Improvements in growth
performance potentially occur by improving nutrient utilization. Phytase aids in
liberating P bound in phytate, which is the major storage form of P in cereal
grains. The objective of this experiment was to determine the effect of
antimicrobial and phytase supplementation to a corn-soybean meal diet deficient
in P. Seventy-two barrows were allotted to 9 diets on the basis of initial BW
(19.14 ± 0.23 kg) in a randomized complete block design. The 9 diets were
arranged in a 3 x 3 factorial of antimicrobials (none, 44 mg/kg tylosin, or 28
mg/kg virginiamycin) and phytase (0, 500, or 1500 FTU/kg). Pigs were housed in
individual metabolism crates and used in an experiment consisting of a 7-d
adjustment and 7 d of total but separate collection of feces and urine. The results
demonstrated that supplementation with tylosin decreased (P < 0.01) DE and
ME. However, apparent digestibility and retention of DM, N, Energy (E), Ca, and
P were not affected by supplementation with either tylosin or virginiamycin.
Supplementation of phytase improved (P < 0.05) final BW, and digestibility and
retention of DM, N, E, DE, ME, Ca, and P regardless of antimicrobial
supplementation. Overall, nutrient utilization was not affected by antimicrobial
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supplementation, but supplementation with phytase improved nutrient utilization.
Further research and understanding how antimicrobials impact the
gastrointestinal tract and nutrient digestibility is needed.
Keywords: antimicrobials phosphorus utilization, phytase, pigs
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3.2. Introduction
Preventing disease, reducing morbidity, and growth promotion caused by
antimicrobials is important to the well-being of the animal and economics of the
swine industry. Improvements in nutrient utilization may be what leads to the
noticeable growth promotion. Antimicrobials that are orally fed directly influence
the microflora of the gastrointestinal tract. The alteration in microflora has the
potential to reduce nutrient competition between the microflora and host, and
impact microbial metabolites that depress growth performance (Visek 1978;
Anderson et al. 1999; and Dibner and Richards 2005).
Phytate is the major storage form of P in cereal grains and oil-seed meals
used in swine diets. Phytate cannot be utilized by monogastric animals due to
low endogenous phytase production (Maenz and Classen 1998). Supplementing
diets with phytase decreases the amount of inorganic P supplementation, which
reduces the amount of undigested P excreted into the manure and environment.
The supplementation of inorganic P to diets accounts for more expense than any
other mineral supplementation (Lindemann et al. 2010). Phytic acid also
chelates other minerals, such as, Ca2+, Fe2+, Mg2+, and Zn2+, which can reduce
the bioavailability of these minerals to the host (Wodzinski and Ullah 1996).
Several experiments have been conducted to evaluate the impact of
antimicrobials on nutrient utilization. Lindemann et al. (2010) evaluated the effect
of tylosin addition to a corn-soybean meal diet deficient in P, and reported no
effects on apparent digestibility of DM, Energy (E), N, Ca, or P in swine.
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However, supplementation of a corn-soybean meal diet deficient in P with
virginiamycin in swine improved DM and E digestibility, P digestibility and
utilization, and apparent ileal digestibility of AA (Agudelo et al. 2007 and Stewart
et al. 2010). Tylosin and virginiamycin are supplemented to swine diets to treat
and control swine dysentery, however, the mechanism of action are specific to
each antimicrobial. The objective of the experiment was to evaluate the
supplementation of tylosin or virginiamycin, along with increasing phytase
concentrations (0, 500, or 1500 FTU/kg) on P utilization in 18 to 20-kg pigs fed a
corn-soybean meal diet deficient in available P.
3.3. Materials and Methods
The protocol for this experiment was approved by the Purdue University
Animal Care and Use Committee.
3.3.1. Animals and Housing
A total of seventy-two crossbred barrows with an initial BW of 19.14 ± 0.23
kg were housed individually in stainless steel metabolism crates (0.83 x 0.71 m)
that allowed for separate collection of feces and urine. Pigs were weighed and
allocated to eight blocks by BW, and randomly assigned to a treatment within
block.
3.3.2. Diets, Experimental design, and Sample collection
The treatments consisted of a basal corn-soybean meal diet deficient in
digestible P (Table 3-1) but met or exceeded requirements for other nutrients

54
(NRC 2012) . Antimicrobial premixes were prepared and consisted of 44 mg/kg
of tylosin (Tylan 40, Elanco Animal Health) or 28 mg/kg virginiamycin (Stafac 20,
Phibro Animal Health) added to the basal diet (Table 3-1). Phytase premix was
also prepared using corn as the base. It was an Escherichia coli 6-phytase
expressed in Trichoderma reesei (Quantum Blue, AB Vista Feed Ingredients,
Marlborough, UK). The diets were arranged in a 3 x 3 factorial of antimicrobials
(none, tylosin, or virginiamycin) and phytase (0, 500, or 1500 FTU/kg).
3.3.3. Adaptation and Collection period
Pigs were placed in metabolism crates and allowed a 7-d adaptation
period and fed a total daily allowance of 4.0% of initial BW twice daily at 0900
and 1500 h. A 7-d total collection period followed the adaptation period with
chromic oxide used as an initiation and termination marker in the feces. During
the 7-d collection period the total amount of feces was collected twice daily and
stored at 0⁰C until the end of the collection period. Urine volume was measured
and recorded daily and a 30% subsample was taken and stored at 0⁰C until
further processing. Ten milliliters of 30% formaldehyde solution was added to
urine collection buckets daily to prevent nitrogen volatilization and bacteria
growth. Collection of urine began at the feeding of the initiation marker and
ended at the feeding of the termination marker. Any leftover feed and waste was
collected daily to accurately determine feed intake.
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3.3.4. Chemical Analyses
At the conclusion of the experiment, feces, orts, and urine were weighed
and dried in a forced-draft oven at 55⁰C. First, urine was thawed and filtered
using glass wool before the drying process. Diets and dried feces were ground
using a grinding mill (Retsch ZM 100, Retsch GmbH and Co. K. G., Hann,
Germany) and sub-sampled for analysis. Dry matter of diets and feces were
determined by drying samples at 105⁰C for 24 h. Gross energy of diets, feces,
and urine was determined using adiabatic bomb calorimetry (Model 1261, Parr
Instrument Co., Moline, IL) using benzoic acid as an internal standard. Diet and
feces were prepared by a nitric-perchloric acid wet ash before Ca and P
determination (AOAC International, 2006). Phosphorus determination used
colorimetric assay with the addition of acid molybdate and Fiske’s subbarow
reducer solution added to the wet-ash samples. Color intensity was proportional
to P concentration estimated by spectrophotometry (method 946.06; AOAC
International, 2000) and absorbance read at 630 nm using Dynex plate reader
(Dynex Technologies Inc., Chantilly, VA). Calcium concentration of diets and
feces was determined by using the flame atomic absorption spectroscopy
method and the Varian. Spectr. AA 220FS (Varian Australia Pty Ltd., Victoria,
Australia). Calcium and P of urine was analyzed by the University of Missouri.
Nitrogen determination of diets, feces, and urine was analyzed by the University
of Missouri by the combustion method (method 990.03; AOAC International,
2000). Phytase and phytic acid analysis of diets and phytase premix was
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performed by ESC (Tredomen Park, Ystrad Mynach) by the ELISA and Quantum
method for phytase levels, and the Megazyme method was used for
determination of total phytic acid in diets. Tylosin activity was analyzed by
Covance Laboratories (Elanco 1996 method B00925) and virginiamycin activity
was analyzed by Eurofins Lancaster Laboratories using the method of agar
diffusion (method PHB-104 version 02).
3.3.5. Calculations and Statistical analysis
Apparent total tract digestibility and retention of nutrients was determined
by the equations:
Digestibility, % = ((intake – fecal output) / intake) * 100
Retention, % = ((intake – fecal output – urine output) / intake) * 100
Data were analyzed as a RCBD using the GLM procedure of SAS (SAS
Institute Inc., 2006). The model consisted of block (7 df), antimicrobial (2 df),
phytase level (2 df), and interaction of antimicrobial by phytase (4 df). Contrast
statements for phytase were performed within antimicrobial and contrasts
compared the antimicrobial to NC diets (devoid of antimicrobials). Any data point
plus or minus 3 standard deviations from the grand mean was deemed an outlier
and removed from the data set. Model assumptions of normality were validated
by the Shapiro-Wilkes test and assumption of equal variance was validated by
the Brown and Forsythe’s test. Individual pig was the experimental unit and an α
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level of 0.05 was used for determination of significance among means while an α
level between 0.05 and 0.10 was deemed to be a trend.
3.4. Results
Pigs were healthy and free of any clinical disease signs at the start of the
experiment. The initial BW of pigs across treatment was 19.14 ± 0.23 kg. Table
3-2 presents the analyzed diet composition, antimicrobial activity, phytic acid and
phytase activity. Diets supplemented with 500 or 1500 FTU/kg of phytase were
analyzed to contain 610 or 1660 FTU/kg for NC diets, 527 or 1370 FTU/kg for
diets containing tylosin, and 511 or 1560 FTU/kg for diets containing
virginiamycin (Table 3-2). The analyzed inclusion concentration of tylosin for 0,
500, and 1500 FTU/kg is 40.2, 34.1, and 38.7 mg/kg, respectively. The analyzed
inclusion concentration of virginiamycin for 0, 500, and 1500 FTU/kg of phytase
is 24.9, 14.88, and 15.32 mg/kg, respectively.
Body weights, Ca, and P digestibility and retention are presented in Table
3-3, and DE, ME, DM, N, and E digestibility and retention are presented in Table
3-4. Overall, the addition of antimicrobials did not affect final BW and digestibility
and retention of Ca, P, DM, N, or E. However, the addition of antimicrobials
affected (P < 0.01) DE and ME. The addition of tylosin decreased (P < 0.01) DE
when compared to NC diets with the same phytase levels (3849 to 3772, 3749 to
3731, and 3828 to 3774 kcal/kg). Similarly, addition of tylosin decreased ME of
diets when compared to NC diets with the same phytase levels (3713 to 3633,
3628 to 3616, and 3701 to 3650 kcal/kg).
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Increasing concentrations of phytase linearly increased final BW
regardless of antimicrobial supplementation. The addition of increased phytase
(0, 500, and 1500 FTU/kg) linearly and quadratically increased (P < 0.01) Ca
digestibility (62.40, 78.84, and 80.26%, respectively) and Ca retention (62.27,
78.75, and 80.18%, respectively). Diets supplemented with tylosin or
virginiamycin only had a linear trend (P = 0.06) for Ca digestibility and retention
with the increase of phytase concentration. Supplementation with increasing
phytase improved (P < 0.05) P digestibility and retention, regardless of
antimicrobial supplementation. Increased phytase supplementation to NC diets
increased (P < 0.01) P digestibility (44.29, 60.00, and 71.25%) and retention
(44.04, 59.71, and 71.00%) both linearly and quadratically. Diets containing
tylosin and supplemented with increased phytase concentration improved (P <
0.01) P digestibility (41.30, 64.22, and 73.48%) both linearly and quadratically.
Diets containing virginiamycin linearly increased (P < 0.01) P digestibility (46.78,
59.98, and 74.97%) and retention (46.47, 59.74, and 74.65%) with increased
phytase concentrations.
Overall, supplementation with increased phytase levels improved DM, N,
and E digestibility and retention (Table 3-4). Increased phytase concentration (0,
500, or 1500 FTU/kg) with diets containing tylosin linearly (P < 0.01) increased
DM digestibility (88.80, 89.44, and 90.54%, respectively) and retention (83.48,
85.12, and 85.82%, respectively). The addition phytase to diets supplemented
with virginiamycin linearly (P < 0.05) increased DM retention (84.49, 84.62, and
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85.69%). Increasing concentration of phytase linearly (P < 0.01) improved N
digestibility (86.53, 87.41, and 89.38%) and retention (59.62, 65.62, and 67.08%)
with tylosin supplementation. The increased phytase concentration quadratically
(P = 0.04) affected NC diets (88.53, 86.55, and 87.74%) and virginiamycin
supplementation (88.70, 86.64, and 88.55%) for N digestibility. Nitrogen
retention for virginiamycin supplementation linearly (P < 0.05) increased with
increasing phytase concentrations (61.51, 64.07, and 66.92%). Diets containing
tylosin with increasing phytase concentrations linearly (P = 0.04) increased E
digestibility (87.55, 87.71, and 88.69%) and linearly (P = 0.02) increased E
retention (84.33, 85.00, and 85.78%). A quadratic (P < 0.05) effect was seen in
NC diets (88.75, 87.40, and 88.29%) or diets supplemented with virginiamycin
(88.55, 87.45, and 88.48%) for E digestibility with increasing phytase
concentration. The same pattern was also observed in E retention for NC diets
or diets supplemented with virginiamycin. Phytase supplementation for diets
containing tylosin did not influence DE and ME. However, the NC diets or diets
supplemented with virginiamycin had an effect (P < 0.05) on DE and ME with the
increase in phytase concentration.
3.5. Discussion
Orally-administered antimicrobials have the potential to reduce and alter
the microflora present in the gastrointestinal tract. Microflora competes with the
host for nutrients that become available for absorption in the gut through
digestion (Henderickx et al. 1983; and Cromwell 2001). Commensal microflora in
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the gastrointestinal tract benefits the host through exclusion of non-native and
pathogenic microbes, stimulation of intestinal defenses by the host, and nutrient
availability (Gaskins 2001; Kelly and King 2001; Dibner and Richards 2005).
Evidence has shown as much as 6% improvement in AA and E utilization, along
with ammonia excretion reduction when the competition between the host and
microflora has been reduced (Veraeke et al. 1979; Henderickx et al. 1983; and
Cromwell 2001). Feighner and Dashkevicz (1978) and Butaye et al. (2003)
hypothesized that antimicrobials improve growth parameters by protecting
nutrients against bacterial destruction, improving nutrient absorption through
thinning of the small intestine barrier, reducing toxin production by intestinal
bacteria, and reducing sub-clinical intestinal infections. Since animals are
constantly exposed to pathogens from the environment, interactions between
each other and other species, the potential for subclinical disease is high, thus
the most accepted method in which antimicrobials work is through controlling
disease (Cromwell 2001). Microflora compete with the host for nutrients,
increase turnover of absorptive epithelial cells, increase mucous secretion by
goblet cells, secrete toxic compounds, and induce an immune and inflammatory
response that has the potential to inhibit the host to perform to their maximum
genetic potential (Visek 1970; Katai and Arakawa 1979; Henderickx et al. 1983;
Cromwell 2001; Gaskins 2001; Kelly and King 2001; and Dibner and Richards
2005).
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Tylosin is a 16-member ring macrolide that targets mainly gram-positive
bacteria by disrupting protein synthesis (Gaynor and Mankin 2003). Protein
formation is disrupted throught the dissociation of peptidyl-tRNA from the
ribosome during translocation (Brisson-Noel et al. 1988). The enzyme, peptidyltransferase, affected by tylosin is involved in peptide bond formation which links
AA together to form whole proteins. The targeted bacteria will die because
proteins are necessary for biological and cell function. In this experiment,
supplementation with tylosin decreased (P < 0.05) DE and ME when compared
to the NC diets with the same phytase levels, however, E digestibility and
retention was not affected by supplementation.
Virginiamycin, a streptogramin, targets gram-positive bacteria through two
components (M and S) working synergistically to disrupt protein synthesis
(Butaye et al. 2003; and Page 2003). The components bind irreversibly to the
23S rRNA of the bacteria, with the M component halting protein elongation
(Bouanchaund 1997). The ribosome undergoes a conformational change thus,
increasing the affinity of the S component for the ribosome (Bouanchaund 1997).
The S component causes cleavage of an incomplete protein. Similar to tylosin,
cell death of the targeted bacteria will occur. In this experiment, supplementation
with virginiamycin did not influence final BW, Ca, P, DM, N, E digestibility and
retention, along with DE and ME.
Supplementation of phytase to monogastric diets is critical in liberating P
from phytic acid, which allows for reduced supplementation of inorganic P to
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diets (Wodzinski and Ullah 1996). Undigested phytate is excreted into manure,
and then is enzymatically hydrolyzed by microorganisms to release P, thus
allowing P to leach into soil and run off into water. Phosphorus that is released
into the soil and water can cause eutrophication of aquatic environments.
Eutrophication is detrimental to aquatic ecosystems by causing plant and aquatic
death (Wodzinski and Ullah 1996). Several other mineral digestibilities can also
be affected by phytic acid due to its chelation properties. Several experiments
have demonstrated that supplementation with phytase to monogastric diets had
equal to or better performance than diets supplemented with inorganic P (Nelson
et al. 1971; Simons et al. 1990; Jongbloed and Kemme 1990; and Jongbloed et
al. 1992).
Supplementation of increased phytase concentration (0, 500, or 1500
FTU/kg) improved final BW, Ca, P, DM, N, and E digestibility and retention,
along with DE and ME regardless of antimicrobial supplementation. Phytase
liberates P and other divalent cations from phytate, which enables better mineral
utilization from the host. Phosphorus, along with Ca, is a major component of the
skeletal system and is needed for bone formation. Bone mineralization and
metabolic processes must be met before growth of the host. Even though the
pigs were limit fed, the addition of increased phytase improved final BW which is
in agreement with other literature (Cromwell et al. 1993; Wodzinski and Ullah
1996; and Harper et al. 1997). The improvement of P digestibility and retention
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with increased phytase concentration is in agreement with other literature
(Agudelo et al. 2007 and Sands et al. 2009).
Overall, the addition of antimicrobials to a corn-soybean meal diet
deficient in P did not influence nutrient digestibility and retention; however,
supplementation with tylosin decreased DE and ME. Supplementation with
phytase improved final BW, Ca, P, DM, N, and E digestibility and retention, along
with DE and ME regardless of antimicrobial supplementation.
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Table 3-1: Ingredients and calculated nutrients, energy of experimental diets

Diet g/kg
Antimicrobial
Phytase level FTU/kg

1

2

3

4

5

6

7

8

9

None

None

None

Tylosin

Tylosin

Tylosin

Virginiamycin

Virginiamycin

Virginiamycin

0

500

1500

0

500

1500

0

500

1500

Corn

648.2

628.2

588.2

628.2

608.2

568.2

628.2

608.2

568.2

Soybean Meal

300.0

300.0

300.0

300.0

300.0

300.0

300.0

300.0

300.0

25.0

25.0

25.0

25.0

25.0

25.0

25.0

25.0

25.0

3.3

3.3

3.3

3.3

3.3

3.3

3.3

3.3

3.3

1

13.0

13.0

13.0

13.0

13.0

13.0

13.0

13.0

13.0

HCl Lysine

4.5

4.5

4.5

4.5

4.5

4.5

4.5

4.5

4.5

D&L Methionine

1.5

1.5

1.5

1.5

1.5

1.5

1.5

1.5

1.5

L Threonine

1.5

1.5

1.5

1.5

1.5

1.5

1.5

1.5

1.5

Soybean Oil
Salt
Limestone

2

Selenium Premix

0.5

0.5

0.5

0.5

0.5

0.5

0.5

0.5

0.5

3

1.5

1.5

1.5

1.5

1.5

1.5

1.5

1.5

1.5

4

Mineral Premix

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

Phytase Premix5

0.0

20.0

60.0

0.0

20.0

60.0

0.0

20.0

60.0

0.0

0.0

0.0

20.0

20.0

20.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

20.0

20.0

20.0

1000.0

1000.0

1000.0

1000.0

1000.0

1000.0

1000.0

1000.0

1000.0

Protein g/kg

203.1

203.1

203.0

203.1

203.1

203.0

203.1

203.1

203.0

ME kcal/kg

3403.2

3402.5

3401.2

3403.0

3402.4

3401.0

3403.1

3402.4

3401.1

Ca g/kg

5.8

5.8

5.8

5.8

5.8

5.8

5.8

5.8

5.8

P g/kg

3.8

3.8

3.8

3.8

3.8

3.8

3.8

3.8

3.8

STTD of P7 %

1.6

1.6

1.6

1.6

1.6

1.6

1.6

1.6

1.6

Ca:P

1.5

1.5

1.5

1.5

1.5

1.5

1.5

1.5

1.5

Ca:STTD

3.6

3.6

3.6

3.6

3.6

3.6

3.6

3.6

3.6

Vitamin Premix

Tylosin Premix6
6

Virginiamycin Premix

TOTAL
Calculated Nutrients &
Energy

1

38% Ca
2
Selenium Premix supplied 300 µg of Se per kilogram of diet.
3
Vitamin Premix supplied per kilogram of diet: Vitamin A, 3,630 IU; vitamin D3, 363 IU; vitamin E, 36.4 IU;
menadione, 1.3 mg, vitamin B12, 23.1 µg; riboflavin, 5.28 mg; D-pantothenic acid, 13.1 mg; niacin, 19.8 mg
4
Mineral Premix supplied per kilogram of diet: Cu (as copper chloride), 11.3 mg; I (as ethylenediamine
dihydroiodide), 0.46 mg; Fe (as iron carbonate), 121 mg; Mn (as manganese oxide). 15 mg; and Zn (as zinc
oxide), 121 mg.
5
Phytase premix prepared with corn to supply 25 FTU to 1 g of premix
6
Tylosin is administered in a premix at a concentration of 44mg/kg of active drug. Tylan 40 active ingredient
is Tylosin at an active ingredient level of 40g/lb. Virginiamycin is administered in a premix at a concentration
of 11mg/kg of active drug. Stafac 20 active ingredient is Virginiamycin at an active ingredient level of 20g/lb.
Corn is used as the carrier in the premixes.
7
STTD = Standardized total tract digestibility

Table 3-2: Analyzed composition of experimental diets (as fed basis)
Added phytase

DM

Gross Energy

N

Ca

P

Phytase

Tylosin

Virginiamycin

FTU/kg

g/kg

kcal/kg

g/kg

g/kg

g/kg

FTU/kg

mg/kg

mg/kg

1

0

938

4,072

3.14

7.7

3.5

50

0

0

2

500

939

4,021

3.02

9.8

3.7

610

0

0

3

1500

941

4,087

3.16

9.6

3.6

1660

0

0

4

0

936

4,020

3.23

9.4

3.7

<50

40.2

0

5

500

935

3,968

3.15

8.9

3.8

527

34.1

0

6

1500

939

4,040

3.31

8.0

3.6

1370

38.7

0

7

0

938

4,056

3.18

8.3

3.7

<50

0

24.9

8

500

945

4,100

3.11

8.7

4.1

511

0

15.3

9

1500

939

4,024

3.18

8.0

3.7

1560

0

14.9

Diet
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Table 3-3: Body weights and apparent total tract digestibility and retention of Ca and P
Added
Diet
Added
phytase
Intial Wt
Final Wt

Ca

Ca

P

P

Number of

antimicrobial

FTU/kg

kg

kg

Digestibility, %

Retention, %

Digestibility, %

Retention, %

Observations

1

none

0

19.32

23.15

62.40

62.27

44.29

44.04

8

2

none

500

19.10

24.07

78.84

78.75

60.00

59.71

8

3

none

1500

19.15

24.47

80.26

80.18

71.25

71.00

8

4

tylosin

0

19.28

23.57

66.81

66.69

41.59

41.30

8

5

tylosin

500

18.97

23.92

75.16

75.07

64.46

64.22

8

6

tylosin

1500

18.93

25.18

75.53

75.44

73.74

73.48

8

7

virginiamycin

0

19.07

23.66

70.75

70.60

46.78

46.47

8

8

virginiamycin

500

19.26

23.67

70.15

70.07

59.98

59.74

8

virginiamycin

1500

19.15

24.51

77.75

77.64

74.97

74.65

8

0.23

0.04

2.83

2.83

1.96

1.96

8

number

9
Pooled SEM

3

P-value
Antimicrobial

0.78

0.57

0.84

0.84

0.42

0.43

Phytase

0.72

<0.01

<0.01

<0.01

<0.01

<0.01

Antimicrobial X Phytase

0.81

0.70

0.05

0.05

0.15

0.15

None vs tylosin

0.50

0.32

0.57

0.57

0.38

0.38

None vs virginiamycin

0.87

0.88

0.68

0.68

0.20

0.21

Phytase none linear

0.68

0.03

<0.01

<0.01

<0.01

<0.01

Phytase none quadratic

0.56

0.35

<0.01

<0.01

<0.01

<0.01

Phytase tylosin linear

0.34

<0.01

0.06

0.06

<0.01

<0.01

Phytase tylosin quadratic

0.50

0.72

0.13

0.13

<0.01

<0.01

Phytase virginiamycin linear

0.87

0.11

0.06

0.06

<0.01

<0.01

Phytase virginiamycin quadratic

0.58

0.59

0.41

0.42

0.12

0.12

Ca = Calcium, P = Phosphorus
1
Pigs were fed for a 7 d adjustment period, followed by a 7 d collection period
2
Total tract digestibility = ((intake – fecal output)/ intake) x 100
Total tract retention = ((intake – fecal output – urine output)/ intake) x 100
3
Pooled SEM = Standard error of the mean
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Table 3-4: Apparent total tract digestibility and retention of DM, N, and E1,2
Added
Diet
Added
phytase
DM
number

antimicrobial

1

none

2
3
4
5

FTU/kg

Digestibility
,%

DM

N

N

Energy

E

Retention,
%

Digestibility
,%

Retention,
%

Digestibility
,%

Retention,
%

Ncorrected

N-corrected
E
Retention,
%

DE,
kcal/kg

ME,
kcal/kg

ME,
kcal/kg

Number of
Observations

0

89.58

84.49

88.53

60.53

88.75

85.62

82.15

3848

3713

3562

8

none

500

89.14

84.57

86.55

63.71

87.40

84.56

80.86

3749

3627

3468

8

none

1500

89.97

85.08

87.74

63.40

88.29

85.37

81.72

3827

3701

3543

8

tylosin

0

88.80

83.48

86.53

59.62

87.55

84.33

80.90

3772

3633

3485

8

tylosin

500

89.44

85.12

87.41

65.62

87.71

85.00

81.16

3730

3615

3452

8

6

tylosin

1500

90.54

85.82

89.38

67.08

88.69

85.78

81.84

3773

3649

3482

8

7

virginiamycin

0

89.67

84.49

88.70

61.51

88.55

84.97

81.68

3813

3659

3518

7 or 84

8

virginiamycin

500

88.99

84.62

86.64

64.07

87.45

84.81

81.12

3783

3668

3509

8

virginiamycin

1500

3864

3748

3581

8

9

90.02

85.69

88.55

66.92

88.48

85.83

82.01

3

0.34

0.38

0.65

1.71

0.44

0.42

0.38

20.33

21.01

19.48

Antimicrobial

0.99

0.79

0.92

0.45

0.83

0.87

0.55

<0.01

<0.01

<0.01

<0.01

<0.01

<0.01

<0.01

0.01

0.03

0.03

<0.01

<0.01

<0.01

Antimicrobial X Phytase

0.19

0.12

0.06

0.60

0.24

0.23

0.29

0.29

0.09

0.11

None vs tylosin

0.93

0.77

0.75

0.29

0.62

0.67

0.35

<0.01

0.01

<0.01

None vs virginiamycin

0.98

0.50

0.72

0.26

0.96

0.96

0.93

0.48

0.50

0.48

Phytase none linear

0.29

0.25

0.64

0.32

0.71

0.93

0.73

0.97

0.85

0.98

Pooled SEM
P-value

Phytase

Phytase none quadratic
Phytase tylosin linear
Phytase tylosin
quadratic
Phytase virginiamycin
linear
Phytase virginiamycin
quadratic

0.19

0.80

0.04

0.30

0.02

0.07

0.02

<0.01

<0.01

<0.01

<0.01

<0.01

<0.01

<0.01

0.04

0.02

0.07

0.71

0.47

0.88

0.89

0.07

0.93

0.09

0.65

0.71

0.91

0.11

0.39

0.19

0.28

0.02

0.43

0.04

0.77

0.11

0.37

0.04

<0.01

0.01

0.07

0.58

0.04

0.73

0.03

0.39

0.16

0.07

0.44

0.22

DM = Dry matter, N = Nitrogen, E = Energy
1
Pigs were fed for a 7 d adjustment period, followed by a 7 d collection period
2
Total tract digestibility = ((intake – fecal output)/ intake) x 100
Total tract retention = ((intake – fecal output – urine output)/ intake) x 100
3
Pooled SEM = Standard error of the mean
4
8 replicates, with the exception of DM and N Retention, % which contained 7 replicates
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CHAPTER 4: IMPACT OF ANTIMICROBIALS ON PHOSPHORUS
DIGESTIBILITY AND RETENTION WITH OR WITHOUT THE ADDITION OF
PHYTASE IN BROILER CHICKENS
4.1. Abstract
The addition of antimicrobials to diets plays an important role in the poultry
industry to improve feed efficiency and promote growth, as well as reduce
disease and morbidity. Nutrient utilization is one potential way that antimicrobials
may play a role in growth-promoting benefits. Phytase is also important to
liberate phosphorus from phytate which is the major storage form of phosphorus
in cereal grains. The objective of this experiment was to determine the effect of
antimicrobial use and phytase on a corn-soybean meal diet deficient in P. Seven
hundred and twenty male Ross 708 broilers were allotted on the basis of initial
BW (84.7 ± 1.2 g) at d 5 post hatching to 9 dietary treatments in a randomized
complete block design (RCBD). The dietary treatment was arranged in a 3 x 3
factorial of antimicrobials (none, tylosin at 55 mg/kg, or virginiamycin at 11
mg/kg) and phytase (0, 500, or 1500 FTU/kg). There were 8 birds in each of 10
replicate cages per dietary treatment for 18 d. The results demonstrated that
supplementation of antimicrobials improved (P < 0.05) gain-to-feed ratio, and
supplementation of tylosin improved (P = 0.04) tibia ash percent.
Supplementation of increasing levels of phytase improved (P < 0.01) all growth
parameters and tibia mineralization. The addition of phytase linearly increased
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(P < 0.01) apparent ileal digestibility (AID) and retention of P regardless of
antimicrobial supplementation. The addition of phytase linearly decreased
retention (P = 0.03) of Ca for diets devoid of antimicrobials (56.28, 45.57, and
43.85%), however the supplementation of phytase linearly improved retention (P
< 0.05) of Ca for diets supplemented with tylosin (43.57, 55.25, and 56.99%), or
virginiamycin (49.25, 43.18, and 60.09%). Overall, the addition of antimicrobials
did not significantly affect AID or retention of DM, Energy (E), N, Ca, and P.
However, phytase supplementation improved growth performance, tibia ash, AID
of Ca and P, and retention of P.
Keywords: antimicrobials, broiler chickens, phosphorus digestibility, phytase
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4.2. Introduction
Antimicrobials play an important role in the poultry and livestock industry
to reduce the pressures of disease and morbidity, along with the added benefit of
improving feed efficiency and weight gain. The addition of antimicrobials to diets
may play an important role in improving nutrient utilization which can impact the
growth-promoting benefits of antimicrobials. Orally-fed antimicrobials have a
direct effect on altering the microflora of the gastrointestinal tract, thus potentially
reducing the competition for nutrients between the host and microflora, and the
microbial metabolites that can depress growth of the host animal (Visek 1978;
Anderson et al. 1999; and Dibner and Richards 2005).
Standard poultry diets are comprised of cereal grains, which in large part,
store phosphorus as phytate. Phytate is poorly utilized by monogastric animals,
due to the low production of endogenous phytase (Maenz and Classen 1998).
Supplementation of phytase to diets reduces the amount of inorganic P
supplementation, thus decreasing the amount of undigested P excreted into
manure and the environment. Also, the addition of phytase has economic
benefits, due to reduction in inorganic P supplementation. Phytic acid can
chelate other minerals such as calcium, iron, zinc, and magnesium, which
reduces the bioavailability of these minerals to the animal (Wodzinski and Ullah
1996). Phosphorus nutrition is an important area of study in the poultry industry
because of its involvement in bone formation, bone strength, metabolic
processes, and other mineral interactions. Several experiments have been
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conducted in swine to evaluate the impact of antimicrobials on P digestibility;
however, very little research has been conducted in broilers. Agudelo et al.
(2007) and Stewart et al. (2010) showed that the addition of virginiamycin
improved DM and E digestibility, P digestibility and utilization, and, AID of AA in
swine. However, the addition of tylosin to a corn-soybean meal diet deficient in P
did not improve apparent digestibility of DM, energy (E), N, Ca, or P in swine
(Lindemann et al. 2010). Tylosin is supplemented to broiler diets to aid in the
control of chronic respiratory disease caused by Mycoplasma gallisepticum, while
virginiamycin aids in the prevention of necrotic enteritis caused by Clostridium
perfringens. The objective of the experiment was to evaluate P digestibility and
retention in d 5 to 23 post hatch male broilers with the addition of tylosin or
virginiamycin and phytase at graded levels (0, 500, or 1500 FTU/kg) to a cornsoybean meal diet deficient in available P.
4.3. Materials and Methods
The protocol for this experiment was approved by the Purdue University
Animal Care and Use Committee
4.3.1. Birds and Diets
Seven-hundred twenty male Ross 708 day old broilers were fed a
standard broiler starter diet from d 1 to 5 post hatch (Table 4-1). All broilers were
reared in stainless-steel, electrically heated battery cages (Alternative Design
Manufacturing and Supply Inc., Siloam Springs, AR) and followed a step down of
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temperatures to 35°C from d 1 to 7 post hatch, 32°C from d 7 to 14 post hatch,
and 27°C from d 14 to 23 post hatch.
Treatments consisted of a basal corn-soybean meal diet deficient in
available P (Table 4-2) that met or exceeded NRC recommendations (1994)
except for P. Antimicrobial premixes were prepared and consisted of 55 mg/kg of
tylosin (Tylan 40, Elanco Animal Health) or 11 mg/kg of virginiamycin (Stafac 20,
Phibro Animal Health) added to the basal diet (Table 4-2). Corn was used as the
base to prepare the phytase premix. Phytase used was an Escherichia coli 6phytase expressed in Trichoderma reesei (Quantum Blue, AB Vista Feed
Ingredients, Marlborough, UK). The diets were arranged in a 3 x 3 factorial for
antimicrobials (none, tylosin, or virginiamycin) and phytase (0, 500, or 1500
FTU/kg). The diets were fed in mash form with the addition of 5 g of TiO2/kg as
an indigestible marker.
4.3.2. Experimental Procedures
On d 5 post hatch, 720 broilers were sorted by BW and allotted to 10
cages per diet consisting of 8 birds per cage in a randomized complete block
design. Birds were provided ad libitum access to feed and water. Birds and
feeders were weighed at the start (d 5 post hatching) and at the end of the
experiment (d 23 post hatching) to calculate BW gain, feed intake and G: F ratio.
Bird mortality was monitored and any bird that was removed was weighed, and
feed intake and G:F ratio was adjusted based on the individual feed intake
estimation model (Lindemann and Kim 2007). On d 23 post hatching, birds were
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asphyxiated with CO2 and ileal digesta was collected from the distal two-thirds of
the ileum. Ileal contents from birds were flushed with distilled water into plastic
containers, pooled by cage, and stored in a freezer (-20⁰C) until dried and
ground. The left tibia was collected from the 4 heaviest birds in each cage for
bone ash determination. Excreta collection was pooled by cage for 3 d prior to
the end of the experiment and stored at -20⁰C until dried and ground. Ileal
digesta and excreta samples were ground to pass through a 0.5 mm screen
using a mill grinder (Retsch ZM 100, Retsch GmbH and Co. K. C., Haan,
Germany).
4.3.3. Chemical Analyses
The tibia was defatted in a Soxhlet extractor, dried, weighed, and ashed in a
muffle furnace at 600°C for bone ash determination. Diets, excreta, and ileal
digesta were analyzed for DM, E, N, Ti, Ca, and P. Dry matter of diets, ileal
digesta, and excreta was determined by drying samples at 105⁰C for 24 h.
Gross energy was determined by adiabatic bomb calorimetry (Model 1261, Parr
Instrument Co., Moline, IL) using benzoic acid as an internal standard. The
analysis of Ti for diets and excreta was conducted by digesting samples with
60% sulfuric acid, and then adding 30% H2O2 to the mixture. The mixture was
then prepared and read using spectroscopy at 410 nm (Myers 2004). Nitrogen
determination of diets, ileal digesta, and excreta were analyzed by the University
of Missouri using the combustion method (method 990.03; AOAC International,
2000). Ileal digesta was analyzed by the University of Missouri for Ti, Ca, and P.
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Diet and excreta samples were digested in nitric and perchloric acids and
analyzed for P by colorimetric assay with the addition of acid molybdate and
Fiske’s subbarow reducer solution with color intensity proportionate to P
concentration estimated by spectrophotometry (method 946.06; AOAC
International, 2000) and absorbance read at 630 nm using a Dynex plate reader
(Dynex Technologies Inc., Chantilly, VA). Calcium concentration was estimated
by the flame atomic absorption spectroscopy method and the Varian Spectr. AA
220FS (Varian Australia Pty Ltd., Victoria, Australia). Phytase and phytic acid
analysis of diets and phytase premix was performed by ESC (Tredomen Park,
Ystrad Mynach) using the ELISA and Quantum method for phytase concentration
and the Megazyme method was used to determine total phytic acid in the diets.
4.3.4. Calculations and statistical analysis
The index method was used to determine apparent ileal digestibility (AID)
and retention with the equation:
AID or retention, % = 100 – ((Ti/To) x (No/Ni) x 100), where Ti is the concentration
of titanium in the diet, To is the concentration of titanium in the ileal digesta or
excreta, No is the concentration of nutrient or gross energy in the ileal digesta or
excreta, and Ni is the concentration of nutrient or gross energy in the diet.
Growth performance, AID, and retention data were analyzed as a RCBD
using the GLM procedure of SAS (SAS Inst. Inc., Cary, NC). The model
consisted of block (9 df), antimicrobial (2 df), phytase level (2 df), and
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antimicrobial by phytase interaction (4 df). Contrast statements for phytase were
performed within antimicrobial and contrasts comparing the antimicrobial to the
NC diets (devoid of antimicrobials). Any data point that was plus or minus 3
standard deviations from the grand mean was considered an outlier and removed
from the data set. Also, due to insufficient sample collection of ileal digesta for
analysis, some data observations are missing. Model assumptions of normality
were validated using the Shapiro-Wilkes test and the assumption of equal
variance was validated using the Brown and Forsythe’s test. The cage was the
experimental unit and an α level of 0.05 was used for determination of
significance among means while, an α level between 0.05 and 0.10 was
considered to be a trend.
4.4. Results
Table 4-3 presents the analyzed composition of diets, antimicrobial activity,
and phytic acid and phytase activity. The average d 1 and 5 post birds BW, 4-d
feed intake and G:F ratio were 43 and 83 g, 52 g and 757 g/kg, respectively. The
diets supplemented with 500 or 1500 FTU/kg of phytase used were analyzed to
contain 660 or 2060 FTU/kg for the diets devoid of antimicrobials, 827 or 2350
FTU/kg for diets containing tylosin, and 846 or 2370 FTU/kg for diets containing
virginiamycin (Table 4-3). The analyzed tylosin activity for 0, 500, or 1500
FTU/kg was 45.1, 33.3, and 41.3 mg/kg, respectively (Table 4-3). The analyzed
virginiamycin activity for 0, 500, or 1500 FTU/kg was 7.8, 8.2, and 17.9 mg/kg,
respectively (Table 4-3).
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4.4.1. Growth Performance and Bone Mineralization
The growth performance and bone mineralization responses of broilers to
antimicrobials and phytase are presented in Table 4-4. Gain-to-feed ratio and
tibia ash (%) of birds fed diets with antimicrobials were greater (P < 0.05) than
those fed the diets devoid of antimicrobials. Supplementation of phytase
increased (P < 0.01) growth performance and bone mineralization.
Supplementation of tylosin improved (P < 0.01) gain-to-feed ratio and tibia ash
percent (P < 0.05) when compared to diets devoid of antimicrobials.
Supplementation of tylosin also showed an increased trend (P < 0.10) for final
BW and weight gain. Supplementation of virginiamycin to diets improved (P <
0.05) gain-to-feed ratio when compared to diets devoid of antimicrobials,
however, weight gain and bone mineralization were not affected by virginiamycin
supplementation. The addition of phytase linearly and quadratically (P < 0.05)
increased final body weight, weight gain, gain-to-feed ratio, and tibia ash percent
for diets devoid of antimicrobials or supplemented with tylosin or virginiamycin.
However, the addition of phytase linearly (P < 0.01) increased feed intake for
diets devoid of antimicrobials or supplemented with tylosin or virginiamycin.
4.4.2. Apparent Ileal Digestibility
Ileal digestibilities of DM, E, N, Ca, and P are presented in Table 4-5. The
addition of an antimicrobial did not affect DM, E, N, Ca, and P, however the
addition of phytase affected (P < 0.05) Ca and P digestibility. The addition of
tylosin demonstrated a trend toward increased N digestibility when compared to

80
diets devoid of antimicrobials. There was significant interaction between
antimicrobial and phytase for DM, E, and N, but, not for Ca, and P. The
supplementation of phytase linearly increased (P < 0.01) P digestibility for diets
regardless of antimicrobial supplementation. The addition of phytase in diets
devoid of antimicrobials or tylosin showed a tendency toward linearly increased N
digestibility and decreased Ca digestibility, while, significantly decreasing DM
digestibility and E quadratically. The supplementation of tylosin quadratically (P
< 0.05) affected N digestibility. The addition of phytase to diets supplemented
with virginiamycin linearly (P < 0.05) improved DM, energy, and N digestibility,
while quadratically (P < 0.01) improving Ca digestibility.
4.4.3. Apparent Retention
Apparent retention of DM, E, N, Ca, and P are presented in Table 4-6. The
addition of antimicrobials did not affect DM, E, N, Ca, and P retention. The
supplementation with virginiamycin showed a trend in improving P retention
when compared to diets devoid of antimicrobials. The addition of phytase
demonstrated a linear effect (P < 0.05) for Ca and P retention for diets devoid or
supplemented with antimicrobials. The supplementation of phytase to diets
devoid of antimicrobials showed a quadratic effect (P < 0.05) for E retention, and
the addition of virginiamycin showed a quadratic effect (P < 0.05) for Ca
retention.
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4.5. Discussion
Animals were healthy at the start of the experiment based on visual
evaluation and assessment of the starter growth performance. Antimicrobials
influence and alter the microflora inhabiting the gastrointestinal tract of the
broiler. This influence can affect nutrient availability, reduction of harmful
microbes, and trigger an immune and inflammatory response (Henderickx et al.
1983; Cromwell 2001; Gaskins 2001; Kelly and King 2001; and Dibner and
Richards 2005). By reducing or altering the presence of microbes there is
potential for the host to utilize nutrients, such as AA and energy, more efficiently
due to lack of microbial competition for the available nutrients (Veraeke et al.
1979; Henderickx et al. 1983; and Cromwell 2001). Pathogens that cause
disease are prevalent in commercial poultry operations, therefore animals are
constantly exposed to potential disease risks (Cromwell 2001). Antimicrobial
supplementation reduces sub-clinical infections; however, they may aid in
protecting nutrients against bacterial destruction, improved nutrient absorption by
thinning the intestinal wall, and reduced toxin production caused by microflora
present in the gastrointestinal tract (Feighner and Dashkevicz 1978; and Butaye
et al. 2003). Miles et al. (2006) demonstrated that the addition of virginiamycin to
a corn-soybean meal broiler diet had a smaller crypt depth than a control diet
devoid of antimicrobials. The shorter crypt depth that was observed is indicative
of reduced inflammation associated with the reduction of the microbial
population. Production industries strive for animals to perform to their maximum
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genetic potential by supplementation with antimicrobials, enzymes, or improved
feeding systems. When disease is prevalent animals are unable to reach
maximum genetic potential due to an induced inflammatory and immune
response, increased secretions of toxins by bacteria and mucous by goblet cells,
along with competition for nutrients between the host and pathogen (Visek 1970;
Katai and Arakawa 1979; Henderickx et al. 1983; Gaskins 2001, Kelly and King
2001; and Dibner and Richards 2005). A major concern is that supplementation
of antimicrobials to diets can lead to drug-resistant bacteria, antimicrobial
residues in meat products, and zoonotic resistant bacteria of public health
significance (Cromwell 2001).
In general, tylosin, a macrolide targets mainly gram-positive bacteria,
although it can target some gram-negative bacteria. Tylosin can target some
mycoplamas, a gram-negative bacterium, which is why it is used in the broiler
industry to treat Mycoplasma gallisepticum, a chronic respiratory disease.
Tylosin disrupts translocation of protein synthesis through dissociation of
peptidyl-tRNA from the 50S subunit of the ribosome (Brisson- Noel et al. 1988).
This disruption inhibits peptide bonds from linking AA together to form complete
proteins. Without complete proteins being released from the ribosome, cell death
will occur due to the importance of proteins for biological and cell function. In this
experiment supplementation of tylosin improved-gain to-feed ratio from 568 to
592, 702 to 725, and 731 to 760 when compared to NC diets with the same
phytase concentrations. Also tibia ash was improved with the addition of tylosin
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when compared to diets devoid of antimicrobials with the same phytase
concentrations (35.42 to 37.50, 42.69 to 43.29, and 47.42 to 48.95%).
Supplementation with tylosin when compared to the NC diets tended to increase
AID of N except for diets that were supplemented with 1500 FTU/kg of phytase,
which decreased AID of N. There were no changes in DM, E, Ca, and P for AID
and retention with the supplementation of tylosin when compared to diets devoid
of antimicrobials.
Virginiamycin, a streptogramin, is supplemented to broiler diets to prevent
and control Clostridium perfringens, a gram-positive bacterium. Virginiamycin
and other streptogramins cause the release of an incomplete protein from the
ribosome. Streptogramins are comprised of two components (M and S) that
work synergistically by binding to the 23S rRNA of the large ribosomal subunit
(Butaye et al. 2003; and Page 2003). The M component inhibits protein
elongation and causes a conformational change of the ribosome. This
conformational change increases the affinity to bind the S component, which then
releases the incomplete protein. Similar to tylosin, the inability to form a
functioning protein will cause cell death of the bacteria. In this experiment, the
supplementation of virginiamycin significantly improved feed-to-gain ratios from
568 to 588, 702 to 715, and 731 to 768 g/kg when compared to the NC diets with
the same phytase levels. Supplementation with virginiamycin had a tendency to
decrease retention of P when compared to diets devoid of antimicrobials with the
same phytase levels (63.05 to 56.42, 65.03 to 62.33, and 78.52 to 78.61%).

84
There were no changes in final BW, weight gain, feed intake, tibia ash, DM, E, N,
Ca, and P of AID and retention. Several pig experiments have been conducted
that demonstrated that the addition of virginiamycin improved P digestibility and
utilization (Agudelo et al. 2007 and Stewart et al. 2010); however, this was not
observed in the current broiler study. In this experiment, it was evident that the
addition of either tylosin or virginiamycin improved growth performance
parameters, although, the utilization of nutrients were not significantly affected by
the addition of antimicrobials.
Phosphorus digestibility and retention is a major focus of research due to
its economic and environmental implications (Wodzinski and Ullah 1996). Most
P is stored as phytic acid in cereal grains, and is mostly unavailable to
monogastric animals due to low endogenous phytase production. The
supplementation of exogenous phytase to poultry diets is able to liberate P and
other minerals from phytic acid (Wodzinski and Ullah 1996). The addition of
phytase reduces inorganic P supplementation and phytate excretion in manure.
Phytate that is excreted in manure is hydrolyzed by soil microorganisms and
releases free P into the soil. The free P can run off into bodies of water and
disrupt the aquatic environment through eutrophication (Wodzinski and Ullah
1996). Nelson et al. (1971), Simons et al. (1990), Jongbloed et al. (1992), and
several other experiments have shown that supplementation of phytase to swine
and poultry diets were able to perform at equal or better than diets supplemented
with inorganic P.
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The addition of increased phytase (0, 500, or 1500 FTU/kg) linearly and
quadratically improved final BW, weight gain, and gain-to-feed ratios for diets
devoid or supplemented with tylosin or virginiamycin. Feed intake was linearly
improved with the addition of phytase for NC diets (792, 847, and 946 g/bird),
tylosin supplementation (787, 841, and 930 g/bird), and virginiamycin
supplementation (776, 830, and 950 g/bird). Tibia ash (%) was improved linearly
and quadratically NC diets or supplemented with virginiamycin (35.42, 42.69,
47.42, and 36.16, 41.14, and 46.20%) and linearly for diets supplemented with
tylosin (37.50, 43.29, and 48.95%). Phytase liberates P and other divalent
cations from the diet, which allows for better mineral utilization. Phosphorus,
along with Ca is deposited into bone as hydroxyapatite which is the major
component that allows for bone formation and mineralization. Bone
mineralization is necessary for growth and it is a more sensitive indicator of P
status of the bird than growth performance (Ravindran et al. 1995; and Dilger et
al. 2004). Basal metabolic processes for maintenance and bone mineralization
must be met before growth of the bird. The growth performance improvement
with the addition of increased concentration of phytase is in agreement with other
literature (Cromwell et al. 1993; Wodzinksi and Ullah 1996; and Harper et al.
1997). Increasing phytase concentration linearly improved AID of P of NC diets
(48.66, 51.62, and 70.61%), diets supplemented with tylosin (52.79, 50.58, and
71.10%), or diets supplemented with virginiamycin (43.85, 52.17, and 70.06%).
The linear increase was also observed in retention of P regardless of
antimicrobial supplementation. Phytase supplementation decreased Ca
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digestibility linearly for NC diets or diets supplemented with tylosin. The
decrease in Ca digestibility could be due in part to the large calcium-to-nonphytate P ratio formulated in the diets (4.17). However, the addition of
virginiamycin was able to increase Ca digestibility with an increase in phytase
concentration. It is possible that the changes caused by the supplementation of
virginiamycin to the microflora in the small intestine has the potential to utilize
phytate, thus liberating more phytate bound P, and thus reducing the Ca:nPP
ratio. The addition of phytase with or without antimicrobials was able to improve
the digestibility and utilization of phytate P in the corn-soybean meal diets of
broilers, which is shown by the growth performance and P digestibility
improvement.
Overall, the addition of antimicrobials to a broiler chicken corn-soybean
meal diet deficient in P did not influence nutrient digestibility, however, some
growth performance parameters were improved with tylosin or virginiamycin
supplementation. The addition of phytase improved growth performance
parameters, P digestibility and retention. It is still not well understood how the
addition of antimicrobials influences growth performance without significantly
influencing nutrient digestibility.
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Table: 4-1: Starter diet
Ingredients g/kg
Corn
545.2
Soybean meal
360.0
Soybean oil
50.0
Monocalcium phosphate
15.0
Limestone (38% Ca)
15.0
Salt
4.0
Vitamin-mineral premix
3.0
DL-Methionine
3.8
L-Lysine-HCl
2.9
Threonine
1.1
Total
1000.0
Nutrient content
Calculated
Protein g/kg
226.62
ME kcal/kg
3220.10
Ca g/kg
9.19
P, g/kg
6.91
Ca:P
1.33
Non-phytate P, g/kg
4.38
Total Amino Acids, g/kg
Arg
14.60
His
5.86
Ile
9.21
Leu
18.92
Lys
14.34
Met
7.19
Met+Cys
10.76
Phe
10.50
Ph+Tyr
19.15
Thr
9.41
Trp
2.99
Val
10.17
1

Supplies the following per kg of diet: Vit. A, 5484 IU; Vit. D3, 2643 ICU; Vit. E, 11 IU; Menadione
sodium bisulfite, 4.38 mg; Riboflavin, 5.49 mg; d-pantothenic acid, 11 mg; Niacin, 44.1 mg,
Choline chloride, 771 mg; Vit. B12, 13.2 ug; Biotin, 55.2 ug; Thiamine mononitrate, 2.2 mg; Folic
acid, 990 ug; Pyridoxine hydrochloride, 2.2 mg; I, 1.11 mg; Mn, 66.06 mg; Cu, 4.44 mg; Fe, 44.1
mg; Zn, 44.1 mg; Se, 300 ug.

Table: 4-2: Ingredients and calculated, nutrients, energy of experimental diets
Diet

1

2

3

4

5

6

7

8

9

Antibiotic

none

none

none

tylosin

tylosin

tylosin

virginiamycin

virginiamycin

virginiamycin

Phytase level

0 FTU

500 FTU

1500 FTU

0FTU

500 FTU

1500 FTU

0 FTU

500 FTU

1500 FTU

INGREDIENT g/kg
Corn

544.05

524.05

484.05

524.05

504.05

464.05

524.05

504.05

464.05

Soybean Meal

350.00

350.00

350.00

350.00

350.00

350.00

350.00

350.00

350.00

50.00

50.00

50.00

50.00

50.00

50.00

50.00

50.00

50.00

Salt

3.80

3.80

3.80

3.80

3.80

3.80

3.80

3.80

3.80

Vit-mineral premix1

3.00

3.00

3.00

3.00

3.00

3.00

3.00

3.00

3.00

25.00

25.00

25.00

25.00

25.00

25.00

25.00

25.00

25.00

2.75

2.75

2.75

2.75

2.75

2.75

2.75

2.75

2.75

Limestone

15.80

15.80

15.80

15.80

15.80

15.80

15.80

15.80

15.80

HCl-Lysine

2.20

2.20

2.20

2.20

2.20

2.20

2.20

2.20

2.20

DL Methionine

3.00

3.00

3.00

3.00

3.00

3.00

3.00

3.00

3.00

Soy oil

TiO2 Premix2
Monocalcium Phosphate

Threonine

0.40

0.40

0.40

0.40

0.40

0.40

0.40

0.40

0.40

3

0.00

20.00

60.00

0.00

20.00

60.00

0.00

20.00

60.00

4

Tylosin Premix

0.00

0.00

0.00

20.00

20.00

20.00

0.00

0.00

0.00

Virginiamycin Premix4

0.00

0.00

0.00

0.00

0.00

0.00

20.00

20.00

20.00

1000.00

1000.00

1000.00

1000.00

1000.00

1000.00

1000.00

1000.00

1000.00

Protein g/kg

222.81

222.79

222.75

222.80

222.79

222.75

222.81

222.79

222.75

ME kcal/kg

Phytase Premix

TOTAL
Nutrient content

3253.45

3252.75

3251.17

3253.26

3252.56

3251.17

3253.26

3252.56

3251.17

Ca g/kg

7.50

7.50

7.50

7.50

7.50

7.50

7.50

7.50

7.50

P, g/kg

4.33

4.33

4.33

4.33

4.33

4.33

4.33

4.33

4.33

Ca:P

1.73

1.73

1.73

1.73

1.73

1.73

1.73

1.73

1.73

Non-phytate P, g/kg

1.80

1.80

1.80

1.81

1.81

1.81

1.81

1.81

1.81

1

Supplies the following per kg of diet: Vit. A, 5484 IU; Vit. D3, 2643 ICU; Vit. E, 11 IU; Menadione sodium bisulfite, 4.38 mg; Riboflavin, 5.49 mg; d-pantothenic acid, 11 mg; Niacin, 44.1 mg, Choline chloride, 771 mg; Vit. B12, 13.2 ug;
Biotin, 55.2 ug; Thiamine mononitrate, 2.2 mg; Folic acid, 990 ug; Pyridoxine hydrochloride, 2.2 mg; I, 1.11 mg; Mn, 66.06 mg; Cu, 4.44 mg; Fe, 44.1 mg; Zn, 44.1 mg; Se, 300 ug.
2
Titanium premix prepared as 1 g of TiO2 to 4 g of corn.
3
Phytase premix prepared with ground corn to supply 25 FTU to 1 g of corn.
4
Tylosin administered in a premix at a concentration of 55 mg/kg of active drug (Tylan 40, Elanco Animal Health). Virginiamycin administered in a premix at a concentration of 11 mg/kg of active drug (Stafac 20, Phibro Animal Health).
Corn used as a carrier in all premixes.
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Table 4-3: Analyzed composition of experimental diets (as fed basis)
Expected added
Gross
phytase
DM
energy
N
Ca
P
Diet
FTU/kg
g/kg
kcal/g
g/kg
g/kg
g/kg
3.41
1
0
887
4.52554
10.0
4.1
3.51
2
500
887
4.44192
9.3
4.0
3.32
3
1500
886
4.53923
9.6
4.2
3.44
4
0
887
4.58173
9.3
4.3
3.47
5
500
895
4.57078
9.9
3.8
3.24
6
1500
888
4.55688
9.7
4.0
3.46
7
0
894
4.56881
9.3
4.0
3.51
8
500
901
4.56614
8.8
4.1
3.54
9
1500
892
4.54391
9.7
4.1

Phytase
FTU/kg
<50
660
2060
<50
827
2350
<50
846
2370

Phytic Acid
content
g/100g
0.94
0.92
0.91
0.92
0.92
0.82
0.93
0.97
0.99

Tylosin
mg/kg
0.0
0.0
0.0
45.1
33.3
41.3
0.0
0.0
0.0

Virginiamycin
mg/kg
0.0
0.0
0.0
0.0
0.0
0.0
7.8
8.2
17.9
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Table 4-4: Growth performance and bone mineralization in broilers

1,2

Diet

Added

Added phytase

Final BW

Gain

Feed intake

Gain: Feed

Tibia Ash

Number of

number

antimicrobial

FTU/kg

g

g/bird

g/bird

g/kg

%

Observations

1

none

0

520

443

792

568

35.42

10

2

none

500

680

595

847

702

42.69

10

3

none

1500

777

692

946

731

47.42

10

4

tylosin

0

551

466

787

592

37.50

10

5

tylosin

500

695

610

841

725

43.29

10

6

tylosin

1500

800

715

930

769

48.95

10

7

virginiamycin

0

538

453

776

588

36.16

10

8

virginiamycin

500

678

593

830

715

42.14

10

virginiamycin

1500

814

730

950

768

46.20

10

13.85

13.86

24.87

12.30

0.83

Antimicrobial

0.18

0.18

0.87

0.01

0.03

Phytase

<0.01

<0.01

<0.01

<0.01

<0.01

Antimicrobial X Phytase

0.64

0.64

0.97

0.89

0.69

None vs tylosin

0.08

0.08

0.67

<0.01

0.04

None vs virginiamycin

0.18

0.17

0.63

0.02

0.61

Phytase none linear

<0.01

<0.01

<0.01

<0.01

<0.01

Phytase none quadratic

<0.01

<0.01

0.90

<0.01

<0.01

Phytase tylosin linear

<0.01

<0.01

<0.01

<0.01

<0.01

Phytase tylosin quadratic

<0.01

<0.01

0.84

<0.01

0.06

Phytase virginiamycin linear

<0.01

<0.01

<0.01

<0.01

<0.01

Phytase virginiamycin quadratic

<0.01

<0.01

0.90

<0.01

0.01

9
Pooled SEM

3

P-value

1

Average initial weight at 5 d post hatch was 84.7± 1.2 g.
Each replicate cage contained 8 birds
3
Pooled SEM = Standard error of the mean
2
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Table 4 -5: Apparent ileal digestibility (%) of DM, E, N, Ca, and P in broilers

1

Diet

Added

Added phytase

number

antimicrobial

FTU/kg

DM

Energy

N

Ca

P

Observations

1

none

0

71.85

74.16

82.56

61.93

48.66

10

2

none

500

68.43

70.87

81.89

50.38

51.62

10

3

none

1500

70.87

73.15

84.03

49.17

70.61

10

4

tylosin

0

69.89

72.14

84.10

65.55

52.79

5, 8, or 9

5

tylosin

500

70.71

73.24

85.66

54.43

50.58

10

6

tylosin

1500

69.85

72.32

82.29

51.47

71.10

10

7

virginiamycin

0

69.63

72.07

82.82

59.45

43.85

7, 9, or 10

8

virginiamycin

500

70.20

72.64

82.89

43.78

52.17

10

virginiamycin

1500

10

9

Number of

72.92

75.12

84.82

60.44

70.06

2

0.90

1.03

1.04

5.21

2.52

Antimicrobial

0.53

0.61

0.17

0.67

0.33

Phytase

0.12

0.22

0.70

<0.01

<0.01

Antimicrobial X Phytase

0.01

0.03

<0.01

0.21

0.26

None vs tylosin

0.73

0.83

0.07

0.40

0.52

None vs virginiamycin

0.44

0.46

0.26

0.85

0.39

Phytase none linear

0.79

0.76

0.09

0.08

<0.01

<0.01

0.01

0.20

0.21

0.12

Phytase tylosin linear

0.86

0.97

0.06

0.06

<0.01

Phytase tylosin quadratic

0.44

0.38

0.04

0.28

<0.01

<0.01

0.02

0.05

0.50

<0.01

0.62

0.69

0.53

<0.01

0.89

Pooled SEM

3

4

P-value

Phytase none quadratic

Phytase virginiamycin linear
Phytase virginiamycin quadratic
DM = Dry matter, N = Nitrogen, Ca = Calcium, P = Phosphorus
1

Number of replicates was10 cages per treatment with 8 birds per cage
Pooled SEM = Standard error of mean
10 replicates, with the exception of N contained 5 replications, Energy, Ca, and P contained 8 replications, and DM contained 9 replications
4
10 replicates, with the exception of N contained 7 replications, Ca and P contained 9 replications
2
3
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Table 4-6: Retention (%) of DM, E, N, Ca, and P in broilers

1

Diet

Added

Added phytase

number

antimicrobial

FTU/kg

Number of
DM

Energy

N

Ca

P

0

73.03

75.30

69.10

56.28

63.05

Observations

1

none

2

none

500

70.27

72.20

67.35

45.57

65.03

10

3

none

1500

70.56

74.06

66.98

43.85

78.52

9 or 10

4

tylosin

0

71.07

74.00

67.25

43.57

57.44

10

5

tylosin

500

71.73

74.18

68.42

55.25

66.55

10

6

tylosin

1500

71.89

74.60

65.69

56.99

77.34

10

7

virginiamycin

0

70.73

73.34

66.00

49.21

56.42

10

8

virginiamycin

500

70.75

73.37

66.14

43.18

62.33

10

virginiamycin

1500

10

9

72.99

75.40

69.47

60.09

78.61

2

1.08

0.95

1.27

3.67

2.17

Antimicrobial

0.95

0.87

0.74

0.52

0.23

Phytase

0.57

0.18

0.98

0.16

<0.01

Antimicrobial X Phytase

0.21

0.29

0.12

<0.01

0.35

None vs tylosin

0.75

0.60

0.51

0.26

0.32

None vs virginiamycin

0.82

0.81

0.50

0.45

0.09

Phytase none linear

0.18

0.63

0.31

0.03

<0.01

Phytase none quadratic

0.16

0.03

0.52

0.16

0.25

Phytase tylosin linear

0.63

0.64

0.28

0.02

<0.01

Phytase tylosin quadratic

0.78

0.99

0.29

0.12

0.36

Phytase virginiamycin linear

0.11

0.10

0.06

0.01

<0.01

Phytase virginiamycin quadratic

0.59

0.59

0.57

0.04

0.59

Pooled SEM

10
3

P-value

DM = Dry matter, N = Nitrogen, Ca = Calcium, P = Phosphorus
1

Number of replicates was 10 cages per treatment with 8 birds per cage
Pooled SEM = Standard error of mean
3
10 replicates, with the exception of N and Energy contained 9 replications
2
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CHAPTER 5: SUMMARY
The supplementation of orally fed antimicrobials to livestock and poultry
industry improves feed efficiency and growth promotion, along with reducing
disease and morbidity pressures. The growth promoting benefits of
antimicrobials may occur by increased nutrient utilization of the host. Changes in
gastrointestinal tract microflora are directly impacted by the addition of
antimicrobials. Antimicrobials can potentially reduce the competition of nutrients
between the host and microflora, and microbial metabolites that can depress
growth of the host (Visek 1978, Anderson et al. 1999, and Dibner and Richards
2005). Standard swine and poultry diets are mainly comprised of cereal grains
and oilseed meals, which store phosphorus mainly as phytate, which is poorly
utilized by these animals due to low production of endogenous phytase (Maenz
and Classen 1998). Supplementation with phytase is able to reduce the amount
of inorganic phosphorus added to diets, which is economical and environmentally
beneficial. Phytic acid has the ability to chelate other minerals such as, calcium,
iron, zinc, and magnesium, which also reduces the bioavailability of these
minerals to the host (Wodzinski and Ullah 1996). Phosphorus nutrition is a vital
area of study in the livestock industry because of its involvement in bone
formation, bone strength, metabolic processes, and other mineral interactions.
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An objective of this research was to investigate the impact of
antimicrobials on energy and phosphorus utilization in pigs. It was hypothesized
that the addition of antimicrobials, such as, carbadox (Mecadox 10, Phibro
Animal Health, tylosin (Tylan 40, Elanco Animal Health), or virginiamycin (Stafac
20, Phibro Animal Health) would not affect energy and phosphorus utilization in
18 to 20-kg pigs. Our results suggest that supplementation with 55 mg/kg of
carbadox increased E utilization relative to pigs fed the NC diet. However,
supplementation of an antimicrobial had no effects on DM, P, and Ca utilization.
Results from this study indicate that specific antimicrobials can influence E
utilization. Agudelo et al. (2007) and Stewart et al. (2010) have demonstrated
that supplementation with virginiamycin improved some nutrient utilization
criteria, such as AA and P, however, this was not observed in this study. It will
be interesting in the future to determine how specific antimicrobials are able to
influence nutrient digestibility and with what consistency these antimicrobials are
able to influence nutrient utilization.
A second study was conducted to determine the impact of antimicrobials
on phosphorus digestibility and retention with or without the addition of phytase in
18 to 20-kg pigs. Our hypothesis was that the supplementation of an
antimicrobial with or without phytase to a corn-soybean meal diet deficient in
available P does not have an effect on nutrient utilization. However, phytase
supplementation improves these parameters regardless of antimicrobial
supplementation. In our study, we determined that supplementation with
antimicrobials did not affect final BW, DM, N, E, Ca, and P utilization. However,
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the addition of tylosin decreased (P < 0.01) DE and ME. Increased phytase
concentration improved (P < 0.05) final BW, DM, N, E, DE, ME, Ca, and P
utilization regardless of the addition of antimicrobials. Several experiments have
reported that phytase supplementation improves P utilization, which was evident
in this experiment. It would be intriguing in the future to investigate how
antimicrobials influence nutrient utilization and potential interactions with other
feed additives.
A third study was conducted to determine the impact of antimicrobials on
phosphorus digestibility and utilization with or without the addition of phytase in
broilers. Our hypothesis was that addition of an antimicrobial with or without
phytase to a corn-soybean meal diet deficient in available P does not have an
effect on growth performance, nutrient digestibility and retention. However,
phytase supplementation can improve these parameters. Phosphorus is a major
component of bone mineralization, and is necessary for growth. Bone
mineralization is a more sensitive indicator of P status of the bird than growth
performance (Ravindran et al. 1995; and Dilger et al. 2004). In our study, we
found that supplementation with antimicrobials improved gain-to feed-ratio, and
tylosin supplementation improved tibia ash percent. Increased phytase
concentration improved growth performance and tibia ash regardless of
antimicrobial supplementation. The addition of phytase linearly improved AID
and retention of P regardless of antimicrobial supplementation. Supplementation
of increased phytase to diets supplemented with virginiamycin or tylosin
improved Ca retention, however Ca retention linearly decreased for diets devoid
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of antimicrobials. Overall, supplementation of antimicrobials did not significantly
affect AID or retention of nutrient DM, E, and N, however, supplementation of
phytase improved all growth parameters, tibia ash mineralization, AID and
retention of P, and decreased AID of Ca.
Results from this study indicate that antimicrobials improve gain-to-feed
ratio and phytase can improve growth parameters, tibia mineralization, AID and
retention of P. Phytase supplementation results are in accordance with other
experiments (Cromwell et al. 1993; and Wodzinski and Ullah 1996; and Harper et
al.1997).
Overall, specific antimicrobials have the capability of influencing
nutrient utilization and supplementation with phytase can improve nutrient
utilization of the animal.
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